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INTRODUCTION — Cigarette smoking during pregnancy is the most important modifiable risk factor associated with adverse 
pregnancy outcomes [1]. In 2002 in the United States, 5 to 8 percent of preterm deliveries, 13 to 19 percent of term infants with 
growth restriction, 5 to 7 percent of preterm-related deaths, and 23 to 34 percent of sudden infant death syndrome (SIDS) 
deaths were attributable to prenatal smoking [2].

In addition, smoking and secondhand smoke exposure increase the risk of infertility, placental abruption, preterm premature 
rupture of membranes (PPROM), and placenta previa. (See "Optimizing natural fertility in couples planning pregnancy".)

The scope of this problem, the pathophysiology and clinical effects of cigarette smoking on fetal outcome, and current 
recommendations for smoking cessation during pregnancy will be reviewed here. General issues of substance abuse during 
pregnancy and smoking cessation in a nonpregnant population are discussed separately. (See "Alcohol intake and pregnancy"
and "Substance misuse in pregnant women" and "Overview of smoking cessation management in adults".)  

IDENTIFYING MATERNAL CIGARETTE USE

Screening methods — All pregnant women should be asked regularly about tobacco use [3]. In clinical practice, screening for 
tobacco use is done by asking the patient if she has ever smoked cigarettes, if she smoked when she found out that she was 
pregnant, and whether she smokes now. Women who smoke should be asked the number of cigarettes smoked per day. 

The strong social norms discouraging smoking among pregnant women lead some women to fail to disclose their true smoking 
status, as detected by measurement of urine cotinine, a nicotine metabolite [4,5]. As an example, a retrospective cohort study 
comparing maternal urinary cotinine levels with self-reported cigarette use noted 16.5 percent of women tested positive for 
high-level nicotine exposure and an additional 7.5 percent tested positive for low-level exposure despite a self-reported 
cigarette use rate of 8.6 percent [6]. Urinary cotinine screening of pregnant women is feasible in practice and could increase 
detection of tobacco smoke exposure among pregnant women. Cotinine is found in urine, blood, and saliva for approximately 
five days after exposure to tobacco smoke.

Rationale for screening — Identifying maternal cigarette use allows for targeted interventions to prevent adverse pregnancy 
outcomes. (See 'Smoking cessation' below and 'Adverse outcomes' below.)

Further benefits may include identification of women at risk of intimate partner violence. The Pregnancy Risk Assessment 
Monitoring System (PRAMS) survey, which included data on nearly 200,000 women, reported that those who experienced 
physical abuse were twice as likely to smoke before or during pregnancy, compared with non-physically abused women [7]. 
This study suggested that additional and targeted screening for intimate partner violence in women who smoke during 
pregnancy may prove beneficial. (See "Intimate partner violence: Diagnosis and screening", section on 'Pregnant women'.)

Use of other tobacco and nicotine products — Tobacco is also smoked in cigars, pipes, and waterpipes. Dissolvable 
tobacco products (chewing tobacco, snuff, snus) are not smoked, but are placed in the mouth and absorbed through buccal 
mucosal membrane. Electronic cigarettes (e-cigarettes) use an electronic delivery system that aerosolizes nicotine, producing a 
vapor similar to cigarettes, but containing fewer traditional toxins [8]. In the United States, approximately 3 percent of women 
≥18 years use one or more of these products [9]. (See "E-cigarettes".)

Adverse pregnancy outcomes associated with use of these products have been reported, but data are limited [10-15]. All of 
these products expose the pregnant woman and fetus to nicotine and other harmful or potentially harmful substances, are not 
associated with any health benefits, and should be avoided in pregnancy.

PREVALENCE AND EPIDEMIOLOGY OF CIGARETTE SMOKING IN PREGNANCY — Despite the known harmful effects of 
smoking, a study of United States birth certificate data from 2014 noted that 10.9 percent of American women reported smoking 
cigarettes in the three months before pregnancy [16]. Of the women who smoked prior to pregnancy, nearly one-quarter did not 
smoke during pregnancy. The highest rates of smoking during pregnancy were seen in women ages 20 to 24 years (13 
percent), unmarried women (15 percent), women of non-Hispanic American Indian or Alaska Native ethnicity (18 percent), and 
women living in West Virginia (27 percent). The highest rates of smoking cessation were reported in women with the highest 
educational levels, private insurance, and non-Hispanic Asian and Hispanic race and ethnicity. The overall rate of smoking 
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during pregnancy in the United States is declining by approximately 0.1 percentage points per year. As a comparison, the 
percent of English women who smoked at the time of giving birth declined from 15 percent in 2006 to 11 percent in 2014 [17].

The true prevalence of smoking during pregnancy is difficult to discern, not only because of incomplete records, but also 
because most studies rely on self-reported smoking behavior and are therefore subject to underreporting. The use of 
biochemical markers, including exhaled carbon monoxide and urinary cotinine, has shown that pregnant women underreport 
both smoking status and the extent of smoking [4,18-21]. Published nondisclosure rates range from 24 to 50 percent. Exposure 
to secondhand smoke in the environment can result in detectable cotinine levels in the blood, saliva, or urine of nonsmokers; 
however, the level is typically lower than in active smokers.

PATHOPHYSIOLOGICAL EFFECTS OF SMOKING ON PREGNANCY

Overview — Several mechanisms have been observed or proposed to explain the adverse pregnancy outcomes associated 
with maternal smoking. These include impaired fetal oxygenation, altered fetal development and physiologic response, and 
toxin exposure. 

Smoking in pregnancy causes impaired oxygen delivery to the fetus by several possible mechanisms. Pathologic evaluations of 
the placentas of smokers have shown structural changes, including a reduction in the fraction of capillary volume and increased 
thickness of the villous membrane when compared with nonsmokers [22-24]. Both of these factors may contribute to abnormal 
gas exchange within the placenta. Exposure to cigarette smoke also acutely decreases intervillous perfusion, possibly via 
nicotine-induced vasospasm [25]. The release of carbon monoxide during smoking results in the formation of 
carboxyhemoglobin, which has multiple effects on systemic and fetal oxygen delivery. Carboxyhemoglobin is cleared slowly 
from the fetal circulation, and diminishes tissue oxygenation via competitive inhibition with oxyhemoglobin and a left-shift of the 
oxyhemoglobin dissociation curve (figure 1). 

In addition to impairing fetal oxygen delivery, nicotine use during pregnancy impacts fetal development. In animal models, 
nicotine increases vascular resistance and reduces uterine blood flow [26,27]. Chronic prenatal exposure to nicotine in these 
models results in abnormal secretion of neurochemical mediators in the brain, as well as pathologic behavior among the 
offspring [28]. Further, animal models suggest that nicotine can directly impair lung development due to interaction with 
nicotinic acetylcholine receptors (nAChR). Using a primate model, one group demonstrated abundant expression of nAChR in 
fetal lung tissue [29]. In a subsequent study, continuous subcutaneous infusion of nicotine into pregnant rhesus monkeys 
resulted in significant decreases in lung weight and volume, and an increase in airway resistance [30]. Prenatal nicotine 
exposure also can blunt the cardiorespiratory response to postnatal hypoxemia in sheep [31]. Similarly, term human infants 
with significant cotinine levels at delivery are limited in their ability to maximize and vary their heart rate during the first four 
hours of life [32].

Beyond nicotine, smoking exposes the mother and fetus to multiple potential toxins. More than 2500 other directly toxic 
substances are found in cigarettes, such as ammonia, polycyclic aromatic hydrocarbons, hydrogen cyanide, vinyl chloride, and 
nitrogen oxide [33]. In addition, there are over 4000 chemicals in mainstream tobacco smoke, which is drawn through the 
tobacco column and exits through the mouthpiece during puffing. The number of compounds emitted in tobacco smoke may 
actually exceed 100,000 [34]. This toxin exposure may cause direct damage to fetal genetic material. One study compared the 
chromosomal instability of amniocytes from smokers and nonsmokers, and noted an increased incidence of structural 
chromosomal abnormalities among women who smoked regularly (12 versus 3.5 percent, respectively) [35]. Most of these 
abnormalities were the result of deletions or translocations, and many were localized to the 11q23 region, which is also 
associated with several hematologic malignancies.

Finally, exposure to nicotine results in sympathetic activation leading to acceleration of fetal heart rate and a reduction in fetal 
breathing movement. While the consequences of these changes are not well understood, both of these parameters are used as 
indicators of fetal well-being in antenatal fetal assessment tests.

Genetic susceptibility — Maternal genotype appears to affect the risk of low birth weight (LBW) in cigarette smokers [36]. A 
study of 741 mothers (174 self-reported ever smokers, 567 never smokers) who delivered singleton infants confirmed a 
reduction in birth weight and length of gestation in ever smokers (280 grams lower and 0.8 weeks shorter, respectively). In 
addition, continuous smokers whose genotypes were CYP1A1 Aa/aa (heterozygous and homozygous variants) and GSTT1 
(del) had significantly greater reductions in infant birth weight than those with CYP1A1 AA (homozygous wild) or GSTT1 
present genotypes (520 versus 252 grams for CYP1A1; 642 versus 285 grams for GSTT1). Another study found that fetal 
GSTT1 (del) also significantly reduced gestational age-adjusted birth weight in offspring of smoking mothers [37].

In a third study, maternal oxidative stress levels increased significantly as the maternal cotinine levels increased in mothers 
with null type GSTM1 (glutathione S-transferase M1) or wild type GSTT1 [38]. In this study, fetal cotinine levels were 
significantly associated with maternal cotinine levels and fetal oxidative stress was associated with fetal cotinine levels.

The CYP1A1, GSTM1 and GSTT1 genes were studied because they encode enzymes (eg, aryl hydrocarbon hydroxylase, 
glutathione S-transferases) active in the body's metabolism and elimination of toxic substances contained in cigarette smoke. 
These studies suggest that maternal genetic polymorphisms that influence the activity of these enzymes increase maternal/fetal 
susceptibility to the adverse effects of environmental substances.



ADVERSE OUTCOMES — Cigarette smoking negatively impacts maternal and fetal health and carries over into the postnatal 
period. 

Maternal

Maternal health — The numerous negative effects of smoking continue during pregnancy. There are 30 reported cases of 
pregnancy-associated lung cancer; 17 women had a smoking history, the history was negative in 6 and unknown in 7 [39]. 
Metastases to the placenta and fetus have also been reported (see "Cardiovascular risk of smoking and benefits of smoking 
cessation" and "Cigarette smoking and other possible risk factors for lung cancer" and "Benefits and risks of smoking 
cessation", section on 'Benefits of smoking cessation').

Subfertility — As much as 13 percent of subfertility and delay in time to conception has been attributed to smoking [40]. 
Chemicals in cigarette smoke appear to accelerate follicular depletion and may impede gametogenesis [41,42]. (See "Causes 
of female infertility", section on 'Oocyte aging'.) 

A meta-analysis of 12 studies reported the overall odds ratio (OR) for risk of infertility in women smokers versus nonsmokers 
was 1.60 (95% CI 1.34-1.91) [43]. Studies of subfertile women undergoing in vitro fertilization (IVF) treatment also showed a 
reduction in fecundity among women smokers. The odds of pregnancy per number of IVF-treated cycles were significantly 
lower in smokers versus nonsmokers: OR 0.66 (95% CI 0.49-0.88). (See "Optimizing natural fertility in couples planning 
pregnancy", section on 'Tobacco use'.)

Pregnancy — Cigarette smoking has been associated with numerous adverse pregnancy outcomes, including spontaneous 
pregnancy loss, placental abruption, preterm premature rupture of membranes (PPROM), placenta previa, preterm labor and 
delivery, low birth weight (LBW), and ectopic pregnancy [40]. While the pathophysiology is not completely understood, as 
discussed above, several possible mechanisms related to impaired gas exchange, direct toxicity, and sympathetic activation 
have been proposed.

Miscarriage — Cigarette smoking during pregnancy may have a modest effect on miscarriage. In a 2014 systematic review 
and meta-analysis, any active smoking was associated with increased risk of miscarriage (summary relative risk ratio 1.23, 
95% CI 1.16-1.30; n = 50 studies) and a dose effect was observed (1 percent increase in relative risk per cigarette smoked per 
day) [44]. However, there are many limitations to these data, most importantly, lack of ascertainment of smoking status at 
various times during pregnancy, and variations in study designs.

In addition, cigarette smoking has been associated with early pregnancy loss after assisted reproductive technology (ART) 
treatment [45].

Stillbirth and neonatal death — In a meta-analysis of 142 studies, any active maternal smoking increased the risk of 
stillbirth by nearly 50 percent (summary relative risk 1.46, 95% CI 1.38-1.54) and the risk of neonatal death by over 20 percent 
(summary relative risk 1.22, 95% CI 1.14-1.30) [46]. A dose response curve has been reported for stillbirth, with heavy smokers 
having the greatest risk [47-49]. In addition, a prospective study suggested that nonsmoking women passively exposed to 
secondhand smoke may be at higher risk of intrauterine death than nonexposed women (relative risk 1.53, 95% CI 0.98-2.38) 
[50]. This trend could not be explained by age, previous spontaneous abortion, educational level, planning of pregnancy, or 
alcohol use. However, most of this risk was confined to first-trimester fetal loss (risk ratio 2.16 95% CI 1.23-3.81), whereas 
active smoking was associated with intrauterine death later in pregnancy. (See "Fetal death and stillbirth: Incidence, etiology, 
and prevention".)

Preterm premature rupture of membranes — There is a consistent increase in risk of PPROM among smokers, with 
relative risks ranging from 1.9 to 4.2 [51-55]. The risk persists when controlled for other known risk factors for PPROM, 
including intrauterine or genitourinary infection. (See "Preterm premature (prelabor) rupture of membranes".)

Reduction in birth weight — The birth weight deficit associated with smoking is 100 to 300 grams, depending on the 
number of cigarettes smoked [56-59]. Smoking during the third trimester appears to have the greatest impact on birth weight, 
and women who quit smoking by the third trimester have infants with higher birth weights and birth weights similar to those of 
nonsmokers [60-63]. A case-control study conducted among Italian pregnant women with term deliveries reported that both 
self-reported active smoking during pregnancy and environmental tobacco smoke exposure were associated with a birth weight 
less than the 5th percentile [64]. Similar to other studies, a dose-response relationship was observed. The effect of smoking on 
birth weight seems to be more marked among older women [56]. Male fetuses may be more affected [65], but this has not been 
a consistent finding. 

Low birth weight (ie, LBW, <2500 grams) is the best-studied complication of smoking and/or being exposed to secondhand 
smoke during pregnancy. Women who smoke are 1.5 to 3.5 times more likely to have a LBW infant [56,60,66-70]. The risk 
increases with increasing cigarette consumption. Birth weight is influenced greatly by gestational age at delivery, and smoking 
modestly increases the risk of preterm delivery. However, the effect of smoking on birth weight cannot be explained solely by 
earlier gestational age at delivery. Smokers have an increased risk of a small for gestational age (SGA) infant with relative risks 
ranging from 1.3 to 10.0 [56,60,66,71]. It has been estimated that at least 20 percent of LBW and SGA infants are attributable 
to tobacco exposure during pregnancy [56] and, if smoking were eliminated in pregnant women, the number of SGA infants 



would be reduced by 12 percent [72]. In observational studies, smoking cessation in the first trimester lowers the rate of SGA 
births to that of nonsmokers [73-75]. (See "Infants with fetal (intrauterine) growth restriction".)

Placental abruption/placenta previa — Cigarette smoking increases the risk of placental abruption, with reported adjusted 
relative risks of 1.4 to 2.5. Dose-response curve analysis has consistently revealed that the risk of abruption is greatest among 
heavy smokers [76-78]. Because PPROM is associated with both cigarette smoking and placental abruption, the relationship 
between cigarette smoking and abruption may be partially explained by the increased risk of PPROM. However, cigarette 
smoking appears to be a risk factor for placental abruption, independent of PPROM.

Cigarette smoking has also been consistently associated with placenta previa, with reported relative risks ranging from 1.4 to 
4.4 [78-84]. A dose-response curve for this complication has not been consistently replicated.

Preterm delivery — Preterm delivery (<37 weeks of gestation) is a complex variable to study because it represents the final 
common pathway for numerous conditions during pregnancy. Preterm delivery may be the consequence of idiopathic 
premature labor or may be secondary to complications of pregnancy such as preeclampsia, PPROM, chorioamnionitis, or 
placental abruption (see "Pathogenesis of spontaneous preterm birth").

Women who smoke are 1.3 to 2.5 times more likely to have a preterm delivery, particularly one prior to 32 weeks of gestation 
[1,67,85-88]. In a population-based cohort study of self-reported maternal tobacco use (smoking or snuff) and preterm birth, 
women who used tobacco were 1.6 to 1.9 times more likely to have an extremely preterm birth (birth less than 28 weeks of 
gestation) [89]. Maternal smoking in early pregnancy was associated with increased risks of both spontaneous and medically-
indicated preterm birth, while snuff use was associated with an increase in medically-indicated preterm birth. In at least one 
study, the relative risk of preterm birth associated with smoking was highest among women with no known risk factors [1]. 

Most importantly, cigarette smoking and drug use are often the only potentially modifiable risk factors associated with 
premature birth. There is evidence from observational studies that smoking cessation in the first trimester lowers the rate of 
preterm delivery to that of nonsmokers [73,74,90,91]. In the above cohort study, when mothers stopped tobacco use in early 
pregnancy, there was no increased risk of preterm birth [89]. 

Congenital malformations — Smoking may increase the risk of congenital abnormalities due to fetal exposure to over 
2500 chemicals found in cigarette smoke. As an example, the vasoactive effects of nicotine may result in vascular disruption 
and subsequent development of malformations [56]. Because it is likely impossible to study the myriad chemicals present in 
cigarette smoke, all women who are pregnant or attempting conception should be counseled to stop smoking and offered 
treatment. (See 'Smoking cessation' below.)

Although the overall rate of congenital malformations does not appear to be higher among infants born to smokers [92-96], 
smoking may increase the risk of specific anomalies. Studies have reported links between maternal smoking and the 
development of cleft lip with or without cleft palate [95,97-104], gastroschisis [105], anal atresia [106], transverse limb reduction 
defects [107,108], cardiac defects [109,110], digital anomalies (polydactyly, syndactyly, or adactyly) [111], and bilateral renal 
agenesis or hypoplasia [112]. 

The timing of exposure, amount of exposure, and maternal age can impact the risk of developing a congenital malformation in 
response to cigarette smoke, which highlights the complexity of studying this relationship. As an example, in a case-control 
study comparing over 14,000 infants born with a congenital heart defect (CHD) with over 60,000 unaffected infants, an 
increased risk of specific cardiac malformations was reported for infants exposed to cigarette smoke during the first trimester of 
pregnancy [110]. The cardiac malformations included pulmonary artery anomalies, pulmonary valve abnormalities, and isolated 
atrial septal defects. While the risk of these specific anomalies was increased, the adjusted risk of having any CHD was similar 
to previously reported results [109]. A dose-response relationship was also reported; the risk of fetal CHD increased as daily 
maternal cigarette use increased during the first trimester [110]. Lastly, the study reported a significant increased risk of a CHD 
in infants born to mothers age 35 or older who smoked compared with younger mothers who smoked. The results did not 
change when adjusted for body mass index, diabetes, and alcohol consumption.  

The assessment of cigarette smoking on the development of congenital malformations is further confounded by evolving 
evidence suggesting that genetic factors may modify the risk of developing congenital anomalies related to smoking. Smoking 
may increase the risk only in individuals who are carriers of specific genotypes, including polymorphisms of the transforming 
growth factor-alpha locus [56,96,100]. However, regardless of genetic susceptibility, smoking cessation should be strongly 
encouraged for all women who are pregnant or are planning a pregnancy.

Preeclampsia — Meta-analysis has shown that maternal cigarette smoking is associated with a significant reduction in the 
risk of preeclampsia (OR 0.51, 95% CI 0.37-0.63) [113]. The reduction occurs in all maternal body mass index (BMI) categories 
[114]. This benefit does not outweigh the multiple medical and obstetrical risks associated with smoking during pregnancy. 
Based on an in vitro experiment, the mechanism may be that cigarette smoke reduces fms-like tyrosine kinase-1 (sFlt-1) and 
increases placental growth factor (PlGF), which is the opposite of the changes observed in women who develop preeclampsia 
[115]. (See "Preeclampsia: Pathogenesis".) 



Postnatal — Postnatal morbidities that have been associated with maternal smoking include sudden infant death syndrome 
(SIDS), respiratory infections (eg, bronchitis, pneumonia), asthma, atopy, otitis media, infantile colic, bronchiolitis, short stature, 
lower reading and spelling scores, shorter attention spans, hyperactivity, childhood obesity, and decreased school performance 
[116-124]. However, it is difficult to separate the impact of maternal smoking and other confounders. Studies that have adjusted 
for measured and unmeasured confounders have often found these adverse outcomes are not present or are related to familial 
or environmental factors associated with maternal smoking [125-128]. (See "Secondhand smoke exposure: Effects in 
children".)

Neonatal effects — Prenatal nicotine appears to have a dose-response effect on the neonate (from birth to 28 days of age) 
as demonstrated by the following studies:

However, there is no convincing evidence that prenatal nicotine exposure is associated with a neonatal withdrawal syndrome.

Long-term effects — Several postnatal morbidities of maternal smoking during pregnancy have been reported. There is a 
well-documented association between prenatal tobacco exposure and sudden infant death syndrome (SIDS), but with the other 
following conditions the relationship is less certain.

In a prospective case-controlled study, infants exposed to tobacco had increased signs of stress, hypertonicity, and 
excitability compared with the nontobacco-exposed group [129]. A dose-response relationship was demonstrated with 
higher maternal salivary cotinine values associated with neonatal signs of increased stress and excitability.

●

In a large community-based prospective study, maternal smoking was associated with increased irritability and 
hypertonicity in neonates assessed by the Graham-Rosenblith Behavioral Examination of the Neonate [130]. Infants of 
mothers who were heavy smokers (defined as one or more packs per day) had the greatest degree of irritability and 
increased muscle tone.

●

In another study, evaluation of neurobehavior at 10 to 27 days demonstrated that neonates exposed to in-uterine maternal 
smoking compared with matched unexposed controls were more likely to require increased handling and had poorer self-
regulation [131]. These results suggest that postnatal effects of maternal smoking may be subtle and further studies are 
required to better understand the neonatal impact of maternal smoking during pregnancy.

●

A prospective Finnish study of very low birth weight (birth weight below 1500 g) infants born between 2001 and 2006 
demonstrated neonates with prenatal exposure to maternal smoking compared with those without in-uterine exposure had 
smaller frontal lobe and cerebellar volumes based on magnetic resonance imaging of the brain at term corrected age [132]. 
Involvement of these areas is consistent with reports of prenatal smoking exposure and impairment of functions associated 
with the frontal lobe and cerebellar, such as emotion, impulse control, and attention [133,134]

●

Sudden infant death syndrome (SIDS) – Several prospective case-controlled studies from different countries have shown 
that maternal smoking during pregnancy increases the risk of SIDS two- to fourfold [135-138]. Smoking also increases 
other known risk factors for SIDS, such as preterm birth and low birth weight [139,140]. (See "Sudden infant death 
syndrome: Risk factors and risk reduction strategies", section on 'Maternal risk factors' and "Secondhand smoke exposure: 
Effects in children", section on 'Sudden infant death syndrome'.)

●

Diabetes mellitus – Cigarette smoking by the individual has been associated with an increased risk of type 2 diabetes. A 
study based on data from the British National Child Development Study (NCDS) reported that patients exposed to prenatal 
episodes of heavy maternal smoking (>10 cigarettes per day) had a fourfold increased risk of diabetes mellitus as young 
adults (16 to 33 years of age) compared with those without prenatal tobacco exposure [141].

●

Cognitive ability – Several cohort studies have reported an inverse association between maternal smoking during 
pregnancy and offspring cognitive ability [142-144]. However, in many of these studies, confounding variables (particularly 
maternal characteristics such as socioeconomic status, use of other drugs of abuse, and maternal cognitive ability) were 
not well controlled. In order to address this issue, a study analyzed data from the United States National Longitudinal 
Survey of Youth 1979 (NLSY79), which includes information on a wide range of potentially confounding maternal 
characteristics including maternal cognitive testing [145].

●

In an unadjusted analysis, intelligence quotient scores were 2.9 points lower in children whose mothers smoked >1 pack of 
cigarettes during pregnancy compared with children whose mothers did not smoke. However, when maternal IQ and 
educational levels were controlled, there was no difference in IQ scores between the two groups of children.

Behavioral problems – There have been several studies suggesting an increased rate of behavioral problems in children 
exposed to prenatal maternal smoking independent of postnatal maternal smoking and use of other drugs during 
pregnancy. These findings include increased rates of conduct disorders in boys [116,117], adolescent-onset drug 
dependency in girls [116], and attention deficit hyperactivity disorder (ADHD) [133,134]. Another study of 1000 mother-
child pairs reported that prenatal maternal smoking selectively increased the probability that female offspring would smoke 
[146].

●



Breastfeeding — Cigarette smoking is associated with decreased milk volume production, lower milk fat concentration, and 
consequently, shorter duration of lactation [165-171]. Breast-fed infants of smoking mothers slept less when fed after their 
mothers smoked recently than when she had abstained [172]. They have urinary cotinine levels up to 10-fold higher than bottle-
fed infants of smoking mothers, and up to 50 times higher than infants of nonsmoking mothers [173]. (See "Secondhand smoke 
exposure: Effects in children".)

EFFECTS OF SECONDHAND SMOKE — Exposure to secondhand smoke during pregnancy also appears to have adverse 
effects on the fetus, child, and adult [174-177]. 

Although a study of the incidence of preterm delivery in the Belgian population after implementation of smoke-free legislation in 
2006, 2007, and 2010 noted a significant reduction in preterm birth after the introduction of each phase of the smoking ban, this 
finding was likely due to chance or confounders since the smoking bans had no significant effect on birth weight (mean birth 
weight, low birth weight, or SGA infant), which is more strongly correlated with smoking than preterm birth [178]. 

Data on the effect of exposure to secondhand smoke on fecundability are mixed. A prospective study and review suggested 
that any reduction is likely to be small [179].

The effects of secondhand smoke on children and adults are discussed separately. (See "Secondhand smoke exposure: 
Effects in children" and "Secondhand smoke exposure: Effects in adults" and "Control of secondhand smoke exposure".)

SMOKING CESSATION

Overview — Pregnancy provides a unique opportunity for medical intervention for smoking cessation because women in 
prenatal care see their physicians frequently during their pregnancy, allowing for multiple opportunities to assess and reinforce 

Pulmonary function – Maternal smoking has been associated with increased incidence of asthma in offspring [147,148]. In 
addition, a study of 16 mother-child pairs in which the mother smoked during pregnancy reported genome-wide DNA 
methylation changes that differed between mother and child, maintenance of those DNA changes in the child over years of 
life, and association of these changes with regions that contribute to pulmonary function [149]. Thus, maternal smoking 
may result in epigenetic changes in the offspring that contribute to pulmonary disease. 

●

Schizophrenia – In a population-based nested case-control study that included 977 individuals with schizophrenia, a higher 
maternal serum cotinine level was associated with an increased risk of schizophrenia in the offspring (odds ratio 3.41, 95% 
CI 1.86-6.24) [150]. Offspring of the heaviest smokers had a 38 percent increased risk of schizophrenia. Strengths of this 
study include large sample size and use of serum cotinine levels. However, prior studies assessing maternal smoking as a 
risk factor for schizophrenia have reported mixed results, which may reflect smaller sample sizes or use of maternal recall 
to measure smoking volume [151-154]. 

●

Neurologic disorders – Adjusted analysis of over 73,000 singleton pregnancies from the Danish National Birth Cohort 
reported a 66 percent increased risk of Tourette Syndrome and chronic tic disorders (TS/CT) in children born to mothers 
who smoked 10 or more cigarettes daily while pregnant (ie, heavy smoking) [155]. Heavy prenatal smoking was also 
associated with a twofold increased risk of TS/CT with attention deficit hyperactivity disorder (ADHD). Both light and heavy 
prenatal smoking were associated with a twofold increased risk of TS/CT with non-ADHD psychiatric comorbidity. 

●

Other effects – Other reported effects of prenatal maternal smoking include the following:●

Decreased sperm volume and count in adult male offspring [156].•

Earlier reproductive maturation and reduced fertility in prenatally exposed females [157-161].•

Decreased neonatal serum parathyroid hormone (PTH) and 25-hydroxyvitamin D (25OHD), and increased serum 
phosphorus [162]. In contrast, 1,25 dihydroxyvitamin D was normal in exposed neonates.

•

Sleep problems [163].•

Increased risk of offspring tobacco use in later life, independent of postnatal exposure to secondhand smoke [164]. 
Animal models support the biologic plausibility of this association and indicate that in utero exposure to maternal 
smoking can have a long-lasting impact on the neural pathways that affect lifetime sensitivity to nicotine [28]. 

•

In a 2011 meta-analysis of 19 studies that assessed the effects of secondhand smoke exposure on nonsmoking pregnant 
women, exposure to cigarette smoke significantly increased the risk of stillbirth (OR 1.23, 95% CI 1.09-1.38; four studies) 
and congenital malformations (OR 1.13, 95% CI 1.01-1.26; seven studies), although none of the associations with specific 
congenital abnormalities was individually significant [174]. Secondhand smoke exposure had no significant effect on risk of 
miscarriage or perinatal or neonatal death. 

●

In a 2008 meta-analysis by the same authors, secondhand smoke exposure in nonsmoking pregnant women reduced 
mean birth weight by 33 g or more, and increased the risk of birth weight below 2500 g by 22 percent, but had no clear 
effect on gestation or the risk of being small for gestational age (SGA) [177].

●



abstinence. Concerns over the dangers of cigarette smoking for the fetus serve as an additional motivator to stop smoking. 
Pregnancy also provides an opportunity to educate the woman's partner or family members on the benefits of smoking 
cessation for themselves, the woman, and the baby. 

Survey and birth certificate data indicate that 35 to 75 percent of pregnant smokers completely stop smoking by the end of 
pregnancy [2,16,180,181]. Most women who are able to quit smoking by themselves during pregnancy tend to stop smoking 
prior to their first prenatal visit. In the absence of intervention, women still smoking after their first prenatal visit are likely to 
continue smoking during pregnancy. Risk factors for continued smoking include lower education status (less than high school 
level), heavy smoking (>10 cigarettes per day), a partner or other household member who smokes, public insurance, poor 
coping skills, multiparity, and coexisting emotional or psychiatric problems [56,182-189]. Because many of these factors are 
interrelated, their independent effects are difficult to discern [190].

There is expert consensus that pregnant women who use tobacco should be identified early in pregnancy and provided 
augmented, pregnancy-tailored counseling on smoking cessation [3,191]. Data from meta-analyses of randomized trials show 
that healthcare provider-initiated interventions can lead to significant reductions in the number of women smoking during 
pregnancy [192-194], although counseling alone is associated with only modest improvement in continued abstinence 6 to 12 
months after the quit date [195]. Examples of brief interventions include information about smoking-related risks from the 
physician and frequent follow-up to assess patient progress, as well as use of a pregnancy-specific or other self-help manual, 
one or more sessions with a health educator, and video tapes on smoking risks and cessation (see 'Strategies for smoking 
cessation' below). 

The Agency for Healthcare Research and Quality (AHRQ) found that the difference in cessation rates between pregnant 
smokers who received an intervention and control groups ranged from 5.8 percent to 31.0 percent, although this did not lead to 
marked improvements in infant outcome [199]. Despite evidence that brief interventions work to reduce maternal smoking, it is 
estimated that only 49 percent of obstetricians routinely advise and provide follow-up for smoking cessation; furthermore, only 
28 percent discuss actual strategies for cessation [183]. 

Barriers to cessation, attitudes to nicotine patch use, and perceptions of cessation counseling among pregnant women have 
been studied using focus groups [200]. Reasons given for continuing to smoke in pregnancy were skepticism about smoking-
related harms, addiction to nicotine, and the smoking behavior of partners and/or family members. Most women considered use 
of nicotine patches acceptable; however, some expressed doubt of patch safety, believing continued smoking was preferable. 
The women noted that care providers differed in their approaches to smoking cessation and that some no longer asked about 
smoking status after they reported "cutting down."

Although abstinence early in pregnancy will produce the greatest benefits to the fetus and mother, quitting at any point in 
pregnancy can yield benefits. On the other hand, reduction in the number of cigarettes smoked during pregnancy has not 
produced consistent improvement in perinatal outcomes [85,192,199]. This finding, in conjunction with concerns that women 
who reduce the number of cigarettes smoked may compensate by inhaling deeper, has led to the recommendation that 
smoking cessation, not a reduction in the number of cigarettes smoked, should be the primary goal [185]. However, it is likely 
that nondisclosure underestimates the effects of "cutting down." A placebo-controlled randomized trial of nicotine gum for 

A 2017 systematic review of psychosocial interventions (eg, counseling, health education, feedback, incentives, social 
support) for helping pregnant women to stop smoking reported use of these interventions increased the proportion of 
women who stopped smoking in late pregnancy and reduced low birthweight and preterm births [196]. While most 
interventions showed some benefit, it was unclear which combination was most effective. Counseling and feedback 
appeared to improve quit rates, but only when used in combination with other strategies. The most effective single 
intervention appeared to be providing incentives, particularly “contingent” incentives that were contingent on biochemically 
verified abstinence. Patients who remained abstinent based on carbon monoxide testing were rewarded with vouchers that 
could be used to make retail purchases. The feasibility and cost of such an approach may make it prohibitive to apply on a 
larger scale. In one study, when the incentive was reduced from $50 to $25, quit rates were higher than those that received 
education alone; however, the effect was significantly less than previously found with the higher-value vouchers. Further 
studies are needed to evaluate a more cost-effective incentive that can be applied broadly to help women quit smoking 
during pregnancy [197]. 

●

A meta-analysis of randomized trials of efficacy and safety of pharmacotherapy for smoking cessation among pregnant 
smokers found that pharmacotherapy (patch or gum) increased smoking cessation compared with no pharmacotherapy 
(relative risk [RR] 1.48, 95% CI 1.04-2.09) [193]. By late pregnancy, 7 to 23 percent of smokers in the intervention group 
were abstinent. Treatment ranged from 6 to 12 weeks and posttreatment follow-up ranged from 12 to 26 weeks. Meta-
analysis of birth outcomes was not performed; intervention did not have a consistent effect on birth weight or preterm birth 
rate.

●

There were several limitations to these trials, including small numbers of subjects, relatively short periods of follow-up, lack 
of biochemical validation of abstinence in one of the trials, publication bias, and significant heterogeneity. The authors 
identified only one study that evaluated the effect of bupropion on abstinence rates [198]. While a benefit was noted (RR 
3.33, 95% CI 1.06-10.49), the study was small, non-randomized, and relied only on self-reported abstinence. 



smoking cessation during pregnancy reported similar quit rates in both the active drug and placebo groups; however, women in 
the nicotine gum group smoked fewer cigarettes, had lower cotinine levels, and higher birth weights than those in the placebo 
group [201]. These findings support the recommendation that women who are unable to quit smoking should still be 
encouraged to reduce the number of cigarettes they smoke each day.

Strategies for smoking cessation — The five A's (ask, advise, assess, assist, and arrange) provide a general approach to 
helping patients stop smoking (table 1) [20,191,202,203]. The specific action steps outlined have been gathered from various 
investigators and guideline panels.

This approach is similar to that used in nonpregnant adults and adolescents and reviewed in detail elsewhere in UpToDate:

Ask – Ask about and document smoking status (current and past) at every patient encounter (including smoking status of 
household members) and whether anyone smokes in the woman’s home or car. Among current smokers, document 
number of cigarettes smoked per day [204-207]. Remember that some women find it difficult to admit to smoking initially or 
upon relapse.

●

If the patient has stopped smoking, especially if it occurred since she learned that she was pregnant, congratulate her, but 
continue to ask about smoking status throughout pregnancy. Recent quitters are at risk for relapse/continued smoking. If 
she is smoking, initiate/continue a strategy to help her quit.

Advise – Advise smokers to stop smoking. Women advised to quit rather than just cut down are more likely to stop 
smoking [191]. Provide information on the hazards of continued smoking for her, her fetus, and her child, and the benefits 
of quitting. Advise women who quit smoking during pregnancy to make a commitment to staying quit after delivery. 

●

Assess – Assess the patient’s readiness to quit smoking in the next month. Accept a patient’s decision to continue to 
smoke non-judgmentally, and continue to follow-up and encourage/offer help for smoking cessation.

●

Assist the patient who wants to quit – Several approaches have been proposed, with minimal to good supporting 
evidence:

●

Connect the smoker to pregnancy-specific, structured, smoking cessation support, which is available in a variety of 
formats that include written material, videos, computer websites, telephone calls, or in-person counseling in individual 
or group settings [195,208-210].

•

Offer a direct referral to a smoker's quit line to provide ongoing telephone counseling and support (eg, in the United 
States: 1-800-QUIT NOW and various local lines; in the United Kingdom: 0800-1699-169). Mobile phone messaging 
support can be helpful [211]. 

•

Refer to a smoking cessation counselor/health educator [195].•

Provide financial incentives, if available [197,212]. The odds of quitting with the use of incentives are three times the 
odds of quitting in the absence of incentives, holding all other interventions constant [199].

•

Offer pharmacotherapy [193,213].•

Also assist the patient who is not ready to quit now:●

Address concerns related to quitting.•

Address factors that prevent the woman from utilizing smoking cessation resources (eg, lack of knowledge, fear of 
failure or stigmatization, access and resource issues, partner issues).

•

Support the importance of having smoke-free space at home. Encourage the patient to adopt a smoke-free policy for 
her home and car. Encourage household members who smoke to quit for their own benefit or at least refrain from 
smoking in the home or car. Both actions help the pregnant woman quit [214,215].

•

Arrange – Address tobacco use at every subsequent prenatal visit to track progress, reinforce success, and provide 
ongoing assistance to women who continue to smoke. Lack of ongoing follow-up and support decrease the chance of 
successful smoking cessation.

●

(See "Overview of smoking cessation management in adults".)●

(See "Benefits and risks of smoking cessation".)●

(See "Motivational interviewing for substance use disorders".)●

(See "Behavioral approaches to smoking cessation".)●

(See "Pharmacotherapy for smoking cessation in adults".)●

(See "Management of smoking cessation in adolescents".)●



Pharmacotherapy — Randomized trials in nonpregnant patients have demonstrated that the use of pharmacotherapy 
substantially increases quit rates when compared with placebo. These therapies remain underutilized, particularly in pregnant 
patients due to concern over the potential for adverse fetal effects and limited evidence to support their efficacy specifically in 
pregnant women. Practice guidelines by the Agency of Health Care Policy and Research, and the American Psychiatric 
Association (APA), advocate the use of adjunct pharmacotherapy for all smokers unless contraindicated [20,216,217], whereas 
the United States Preventive Task Force (USPSTF) and others have found inadequate evidence to evaluate the safety or 
efficacy of pharmacotherapy during pregnancy [3,218].

Given the known benefits of smoking cessation during pregnancy, we offer pharmacotherapy to pregnant women who are 
otherwise unable to quit or who are at high risk for continued smoking: heavy smokers (>10 cigarettes per day); those smoking 
later in pregnancy; and those who have previously attempted to stop. For these women, we feel the benefits of quitting with 
pharmacotherapy outweigh the potential risks of pharmacotherapy and the risks of continued smoking. 

When pharmacotherapy for smoking cessation is utilized, general principles of prescribing drugs during pregnancy should be 
followed. These include using the lowest dose necessary to achieve success in order to minimize fetal exposure and, if 
possible, delaying therapy until the second trimester in order to avoid the period of embryogenesis when the fetus is most 
sensitive to teratogens.

Both nicotine replacement therapy and bupropion are reasonable first-line drug options. The safety and efficacy of these drugs 
have not been directly compared in randomized trials. 

Nicotine replacement — We use nicotine replacement therapy (NRT) as a first- or second-line drug for smoking cessation 
in pregnancy. In the United States, for women with clear resolve to quit smoking, the American College of Obstetricians and 
Gynecologists states the use of NRT can be undertaken with close supervision and after a thorough discussion about the risks 
of continued smoking and the possible risks of replacement therapy [219]. This statement, despite known adverse fetal effects 
of nicotine, demonstrates acknowledgment of both the significant negative impact of smoking on fetal outcomes and the benefit 
of adjunct pharmacotherapy on smoking cessation in nonpregnant individuals [220].

Proponents of using NRT during pregnancy argue that blood levels of nicotine are lower than those achieved during active 
smoking. In addition, use of NRT avoids exposure to the other potentially toxic chemicals found in cigarettes. Finally, some 
argue that it is only for temporary use as a means to achieving smoking cessation, so that the potential benefits outweigh the 
potential risks. NRT is one component of smoking cessation programs; it is an adjunct to behavioral intervention and 
counseling. Behavioral counseling on an ongoing basis is important and may enhance adherence to nicotine replacement 
[221,222]. (See "Behavioral approaches to smoking cessation".)

Although NRT is recommended to help pregnant women stop smoking and appears to be an effective smoking cessation aid in 
the general population, studies have not clearly demonstrated that NRT is effective in pregnant women. While a meta-analysis 
of eight trials reported NRT as an adjunct to behavioral therapy was effective for smoking cessation in pregnancy (risk ratio 
1.43, 95% CI 1.03-1.93, n = 2199 women), the subgroup analysis that compared NRT with placebo demonstrated a 
nonsignificant trend toward a benefit (risk ratio 1.28, 95% CI 0.99-1.66, n = 1926 women) [213]. In this meta-analysis, there 
were no differences between NRT and control women in rates of miscarriage, stillbirth, premature birth, low birth weight, 
admissions to neonatal intensive care unit, congenital abnormalities, or neonatal death. In a subsequent questionnaire study of 
over 1200 pregnant women who smoked, women who used the nicotine patch to aid smoking cessation reported higher rates 
of smoking cessation compared with no NRT use (79 versus 0 percent) [223]. After discontinuing NRT, 68 percent of prior 
patch users did not smoke again during and up to one year after pregnancy. In adjusted analysis, NRT was also associated 
with a nearly 40 percent reduced risk for small for gestational age infants and 80 percent lower risk of prematurity compared 
with continued smoking. Pregnancies ending in stillbirth were excluded from the study.

While the overall benefit of NRT may not be fully known, NRT does not appear to be harmful and may be associated with lower 
rates of prematurity and SGA infants. Even if NRT cannot entirely reduce all of the risks associating with smoking during 
pregnancy, maternal smoking cessation results in less exposure to secondary smoke for the baby. Additionally, assessment of 
the impact of NRT during pregnancy does not typically evaluate postnatal outcomes such as URIs, asthma, hospital admission, 
otitis media and SIDS, and therefore the effect of NRT may be underestimated.

A different trial of 1050 women reported that only 7 percent of patients in the nicotine patch intervention group adhered to 
nicotine replacement for more than one month [224]. One potential explanation for poor compliance and limited reduction in 
smoking is that nicotine is metabolized more rapidly in pregnancy; therefore, women in clinical trials may have been 
underdosed. 

In addition to established nicotine replacement products such as patches and gum, electronic nicotine delivery systems 
(ENDS), such as electronic cigarettes and vaporizers, are used by some pregnant women for smoking reduction. However, at 
least one health organization states data on benefits and risks of ENDS are insufficient to recommend using these devices in 
pregnant women [3]. Although data are lacking, many pregnant women believe ENDS are safer in pregnancy. In one survey 
study of 326 pregnant women, nearly 75 percent of the ENDS ever-users believed these products to be less harmful compared 



with traditional cigarettes [225]. More data are needed on the physiologic impact of ENDS on the mother and fetus and the role 
of these devices in smoking cessation. (See "E-cigarettes", section on 'Role in smoking cessation'.)

There is no strong evidence that pregnant smokers who use NRT are at higher risk of adverse perinatal events, including 
teratogenesis, than pregnant smokers not using this therapy [213,226]. In a trial of 1050 pregnant smokers randomly assigned 
to NRT or placebo, children exposed to nicotine replacement in utero had as good or better development outcomes at two-year 
follow-up compared with unexposed children [227]. Additionally, in a retrospective study of nearly 200,000 children born in the 
United Kingdom, the rates of major congenital anomalies were not statistically different among children born to women using 
NRT, women who were actively smoking and not using nicotine therapy, and women who did not use either [228]. There was a 
higher risk of congenital respiratory anomalies in the children exposed to NRT compared with those with no nicotine exposure 
(odds ratio 4.65, 99% CI 1.76-12.25), but the absolute risk difference was very small. Major limitations of this study include the 
low rate of NRT (1.3 percent of total group) and higher rates of maternal morbidities in the nicotine replacement and smoking 
groups. 

There is no information specifically on use of nicotine replacement products during labor. Based on available information on the 
physiological effects of these drugs on mother and fetus, there should be no additional risk from continuing their use 
intrapartum in women who used them antepartum. In addition, they may be useful to reduce nicotine withdrawal symptoms in 
heavy smokers who are uncomfortable when hospitalization forces them to abstain from smoking. 

Administration of nicotine replacement therapy is described separately. (See "Pharmacotherapy for smoking cessation in 
adults", section on 'Combination nicotine replacement therapy'.)

Bupropion — We use bupropion as a first- or second-line drug for smoking cessation in pregnancy. Sustained release 
bupropion has been available specifically for smoking cessation since 1998. This treatment option has several advantages over 
nicotine that are relevant to pregnant women. A well-conducted, randomized trial demonstrated that treatment of nonpregnant 
individuals with bupropion resulted in higher abstinence rates when compared with placebo and nicotine patch alone [229]. The 
addition of nicotine did not significantly increase abstinence rates compared to treatment with bupropion alone. 

In one of the first prospective, matched, controlled observational studies among pregnant women, pregnant smokers receiving 
bupropion were significantly more likely to quit than pregnant controls (45 versus 14 percent) [198]. In a subsequent 
questionnaire study that included over 1200 pregnant smokers, bupropion use was associated with much higher rates of 
smoking cessation compared with no bupropion use (81 versus 0 percent) [223]. Sixty percent of bupropion users did not 
smoke again during pregnancy or the first postpartum year. In addition, bupropion use was associated with an 88 percent 
reduced risk of prematurity, although the study only included data on live-births and did not include women with fetal deaths. 

Bupropion crosses the placenta. One study has reported an increase in risk of miscarriage with use of bupropion in the first 
trimester [230]. The bupropion pregnancy registry advisory committee reviewed 833 prospectively reported pregnancy 
outcomes and concluded there was no evidence of a major teratogenic effect, but available data were insufficient to detect an 
increase in rare defects. Review of all available data (prospective and retrospective) through 2008 suggested a low risk of 
teratogenicity [231]. However, an analysis of two subsequent studies [232,233] reported the prevalence of left ventricular 
outflow tract obstruction was increased in infants exposed to bupropion in the first trimester (alone or in conjunction with other 
antidepressants) compared with infants exposed to other antidepressants, but the small number of cases precluded making a 
clear conclusion about this association [234]. After discussion of these data, some women may choose to wait until the second 
trimester before beginning bupropion. (See "Risks of antidepressants during pregnancy: Drugs other than selective serotonin 
reuptake inhibitors", section on 'Bupropion'.) 

Varenicline — There is no information on the safety of varenicline use in human pregnancy; teratogenic effects have not 
been observed in animal studies. Given the lack of information and the availability of alternative drugs, we suggest avoiding 
using it for smoking cessation in pregnant women.

Breastfeeding women — The Committee on Drugs of the American Academy of Pediatrics concluded that nicotine 
replacement therapy is the preferred pharmacologic approach to smoking cessation in breastfeeding women [235]. Daily 
replacement should not exceed the amount of nicotine the woman typically consumes (assume a cigarette delivers 1 mg 
nicotine) as nicotine passes into milk, is orally absorbed as nicotine, and has been demonstrated to have adverse infant effects 
during breastfeeding. Despite these concerns, the risks of continued smoking are greater.

Bupropion is an alternative agent. Although no adverse effects in breastfeeding infants have been reported, available data are 
very limited [236]. In a lactation study, the average daily infant exposure to bupropion and its active metabolites was 
approximately 2 percent of the maternal weight-adjusted dose. In case reports, three infants did not show quantifiable levels of 
bupropion and its active metabolites. As with nicotine, a decision to prescribe bupropion to breastfeeding mothers needs to be 
balanced with the risks of continued smoking, which are likely greater than the risks of bupropion.

There are no available human data on varenicline. In animal studies, varenicline was transferred to nursing pups.

POSTPARTUM RELAPSE — Although many pregnant women can remain smoke-free during their entire pregnancy, the 
Pregnancy Risk Assessment Monitoring System reported relapse rates of 42, 61, and 67 percent at 2 to 3, 4 to 5, and ≥6 



months postpartum, respectively [237]. Similarly, a study from the United Kingdom reported 47 percent of women who had quit 
smoking during pregnancy relapsed within the first six weeks postpartum [238]. Breastfeeding appears to reduce the risk of 
relapse [181,238-240].

There are no proven strategies for preventing postpartum relapse [241,242]. In a trial of postpartum women that compared 
enhanced cognitive behavioral therapy that focused on women's postpartum concerns with a supportive time- and attention-
controlled intervention, only 24 percent of women in each group remained tobacco-abstinent at one year [243]. Women with 
more depressive symptoms and higher levels of perceived stress were more likely to relapse. In a systematic review of 36 
studies evaluating effectiveness of smoking relapse prevention interventions in nonpregnant abstinent former smokers, use of 
self-help materials or pharmacotherapy was modestly effective in preventing relapse at 12 to 18 months' follow-up (self-help 
materials odds ratio [OR] 1.5, nicotine replacement OR 1.3, bupropion OR 1.5); behavioral interventions were less effective 
[244].

The postpartum period is a period of great stress and emotional fluctuations, and lack of both social supports and coping skills 
has been implicated in relapse [245,246]. Lower mood scores have also been strongly associated with smoking relapse 
[247,248]. About 50 to 70 percent of postpartum women report transient depressed mood or postpartum blues, making them 
vulnerable to relapse during this time. Women who relapse are more likely to have family members or friends who smoke and 
report less social support [241]. Relapsers are also more likely to report lower confidence for staying smoke-free. Interestingly, 
studies looking at process of change variables have demonstrated that women who quit during pregnancy are more likely to 
see their quitting as temporary [249]. 

INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, "The Basics" and "Beyond the 
Basics." The Basics patient education pieces are written in plain language, at the 5  to 6  grade reading level, and they answer 
the four or five key questions a patient might have about a given condition. These articles are best for patients who want a 
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient education pieces are longer, more 
sophisticated, and more detailed. These articles are written at the 10  to 12  grade reading level and are best for patients who 
want in-depth information and are comfortable with some medical jargon.

Here are the patient education articles that are relevant to this topic. We encourage you to print or e-mail these topics to your 
patients. (You can also locate patient education articles on a variety of subjects by searching on "patient info" and the keyword
(s) of interest.) 
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GRAPHICS

Oxyhemoglobin dissociation curve

Depicted here is the oxyhemoglobin dissociation curve for normal adult hemoglobin 
(hemoglobin A, solid line). Note that at a partial pressure of oxygen of 27 mmHg on the 
X axis, hemoglobin is 50 percent saturated with oxygen (the P50 is 27 mmHg), and at 
an arterial partial pressure of oxygen of 100 mmHg, hemoglobin is 
100 percent saturated. At the typical mixed venous oxygen tension of approximately 40 
mmHg, the oxygen saturation of hemoglobin is approximately 75 percent. Shifting the 
curve to the right (red line) can reduce oxygen saturation to 50 to 60 percent for the 
partial oxygen pressure of 40 mmHg, meaning that less oxygen is bound to hemoglobin 
and more oxygen is delivered to the tissues. The opposite occurs with left shifts (blue 
line). A high proportion of fetal hemoglobin, which has high oxygen affinity, shifts this 
curve to the left in newborns. The effect of right- or left-shifting of the curve is most 
pronounced at low partial pressures of oxygen. 
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Adaption of 5 A's for use in smoking cessation during pregnancy

STEP 1: Ask

Recommendation:

Ask the patient about her smoking status.

Action:

Given high nondisclosure rates, identification of the pregnant 
smoker can be difficult. Specific strategies to identify smoking 
women include:

1) Use multiple choice questions when assessing whether a 
patient smokes. The following multiple choice question is 
recommended in either oral or written form.

Which of the following describes you best?

A. I have NEVER smoked, or I have smoked less than 100 
cigarettes in my lifetime.

B. I stopped smoking BEFORE I found out I was pregnant, and 
I am not smoking now.

C. I stopped smoking AFTER I found out I was pregnant, and I 
am not smoking now.

D. I smoke some now, but I cut down on the number of 
cigarettes I smoke SINCE I found out I was pregnant.

E. I smoke regularly now, about the same as BEFORE I found 
out I was pregnant.

2) Focus particular attention on women who report that they 
stopped smoking after conception. About half of non-disclosers 
in one series reported quiting after conception.

3) Consider using urinary cotinine measurements in women 
who report smoking as an objective measure of smoking 
exposure: set goals for lowering this level. The routine use of 
urinary cotinine to confirm non-smoking status is controversial 
given the ethical concerns and potential negative impact on the 
patient-doctor relationship. Until further guidelines and 
recommendations are available, it is not recommended.

STEP 2: Advise (one minute)

Recommendation:

Provide clear strong advice to quit with personalized messages 
about the impact of smoking and quitting on mother and fetus.

Action:

1) Discuss the risks of smoking during pregnancy: low birth 
weight, placental abruption, placenta previa, premature 
delivery, stillbirth preterm premature rupture of membranes.

2) If the patient has had a history of a complicated pregnancy, 
discuss how smoking may have contributed to this 
complication.

3) Discuss risks of secondary smoke, particularly for patients 
with children at home; sudden infant death syndrome (SIDS), 
upper respiratory infections, otitis media asthma, pneumonia.

4) Recommend that the patient quit as soon as possible for 
maximal benefit, however, quitting at any time during 
pregnancy has some benefit.

STEP 3: Assess (one minute)

Recommendation:

Assess the willingness of the patient to make a quit attempt 
within the next month.

Action:

Ask, "Quitting smoking is one of the most important things you 
can do for your health and the health of your baby. If we help 
you, are you willing to try?"

STEP 4: Assist (three minutes)

Recommendation:

Assist smoker in quitting.

Action:

1) Provide pregnancy specific, self-help smoking cessation 
materials; multi-lingual educational packets available on the 
web: http://chid.nih.gov. http://www.modimes.org.

2) Encourage the use of problem solving methods and skills for 
cessation:

Review withdrawal symptoms.

Identify "high risk situations" where they are more likely to relapse 
and set up strategies for avoiding them.

Strongly consider referral to social worker who can help patient 
gain access to services available to minimize stressors at home.

Consider referral to coping and stress management program.

3) Encourage patient to seek family and social support:

Identify non-smoking individuals, particularly successful quitters 
that can be supportive.

Offer referral to smoking partner for smoking cessation.

Patient should inform family that they intend to quit smoking 
during the pregnancy and ask for their support (ie, not smoking in 
the same room).

4) Consider pharmacotherapy for patients who smoke 10 
cigarettes or more and are unable to quit. Use lowest dose 
necessary.

Briproprion

Nicotine replacement therapy

STEP 5: Arrange (one minute)

Recommendation:

Assess smoking status throughout pregnancy and encourage 
cessation for continuing smokers.

Action:

1) Place a label on each chart that identifies the patient as a 
smoker.

2) Ask about smoking at each visit.

3) If still smoking, encourage cessation and consider adjunct 
pharmacotherapy as outlined in next section.
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