
Addictive Behaviors 148 (2024) 107854

Available online 3 September 2023
0306-4603/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-
nc/4.0/).

Effectiveness of smoking cessation interventions among pregnant women: 
An updated systematic review and meta-analysis 
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A B S T R A C T   

Objective: To carry out a systematic review of systematic reviews with an update of the existing evidence relating 
to a broad range of smoking cessation interventions, including psycho-social, digital and pharmacologic in-
terventions, for pregnant women. 
Data-sources: Search was conducted in March 2022 in PubMed, EMBASE, and Cochrane in two stages: 1) a search 
of systematic reviews and meta-analyses, published from January 2012 through January 2022; 2) an update of 
those that fulfilled eligibility criteria reproducing the primary search strategy. 
Study eligibility criteria: We selected randomized clinical trials (RCTs) that evaluated the effectiveness of phar-
macological, digital, and psychosocial interventions in aged 18 years and over who were daily smokers, and 
compared these with routine care, less intense interventions or placebo. 
Study appraisal and synthesis methods: Data from eligible studies were manually extracted by two authors and 
reviewed by a third. The quality of the reviews was evaluated using the AMSTAR scale, and risk of bias was 
measured with the Rob-2 tool and GRADE level of evidence. 
Results: The meta-analysis included 63 RCTs (n = 19849 women). The interventions found to be effective were: 
financial incentives (RR:1.77; 95%CI:1.21–2.58), counseling (RR:1.27; 95%CI:1.13–1.43) and long-term nicotine 
replacement therapy (NRT) (RR:1.53; 95%CI:1.16–2.01). Short-term NRT, bupropion, digital interventions, 
feedback, social support, and exercise showed no effectiveness. The GRADE level of evidence was moderate-to- 
high for all interventions, with the exception of long-term NRT. 
Conclusions: Non-pharmacological interventions for smoking cessation are the most effective for pregnant 
women. The moderator analysis suggests that pregnant women of low socioeconomic status might benefit less 
from smoking cessation interventions than women of a high socioeconomic status. These women are usually 
heavier smokers that live in pro-smoking environments and could require more intensive and targeted 
interventions.   

1. Introduction 

Tobacco and nicotine exposure during pregnancy is a preventable 

cause of obstetric and fetal complications (Homa et al., 2015). It is 
associated with ectopic pregnancy, miscarriage, placental abruption, 
fetal death, fetal growth restriction, premature birth, and low 
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birthweight (Pineles et al., 2016; Fernandez-Rodriguez, 2022). In 
exposed infants it increases the risk of asthma and respiratory infections, 
sudden infant death syndrome, and can give rise to adverse neuro-
developmental and cardiovascular effects (World Drug Report, 2021; 
Míguez & Pereira, 2020). Long-term health effects related to prenatal 
and postnatal exposure to tobacco and nicotine include increased insulin 
resistance, dyslipidemia, arterial hypertension, arrhythmias, obesity and 
impaired lung development (Holbrook, 2016), which can persist until 
childhood or adult life (Banderali et al., 2015). Offspring from smoking 
mothers have been seen to have increased risk of diminished lung 
function, asthma, wheezing, apnea and viral infections in childhood (De 
Queiroz et al., 2020). Maternal smoking has also been associated with an 
increased risk of lung diseases in adulthood, such as Chronic Obstructive 
Lung Disease (Duan et al., 2021). Recently, several studies have sug-
gested that tobacco and nicotine can induce genomic and epigenetic 
changes, such as alterations in DNA methylation. These permanent de-
rangements could adversely affect life-long health but also impact in 
future generations, as these epigenetic changes may be transmitted 
transgenerationally (Nakamura et al., 2021; Torchin et al., 2020; Leslie, 
2013).” 

Despite the fact that the population is increasingly better informed, 
and that great efforts have been made to educate women and raise their 
awareness about the harmful effects of tobacco use on the fetus, 53.0% 
of women in the world, who smoke daily, do not quit smoking during 
pregnancy (Lange et al., 2018). It is estimated that 1.7% of women 
worldwide smoke during pregnancy; with a prevalence of 5.9% in 
America and 8.1% in Europe (Lange et al., 2018). 

Since the 1990s, different types of interventions targeted at smoking 
cessation in pregnant women have been reported (Lange et al., 2018; 
Haug et al., 1994). Many of these interventions have been individually 
evaluated in different systematic reviews and are presumed to be 
effective and safe for smoking cessation in pregnant women (Claire 
et al., 2020; Chamberlain et al., 2017; Griffiths et al., 2018). However, 
existing systematic reviews present important gaps and shortcomings. 
The most recent systematic review and meta-analysis on pharmacolog-
ical interventions (Claire et al., 2020), despite of being methodologically 
sound, does not cover the potential implications of implementing these 
interventions in practice. With regards to the latest systematic review 
and meta-analysis on psychosocial interventions (Chamberlain et al., 
2017), authors themselves note that this review requires updating given 
that trials with a large sample size were published during the prepara-
tion of the review. In the only high-quality systematic review and meta- 
analysis on digital interventions (Griffiths et al., 2016), several of the 
studies included computer-based interventions where computer pro-
grams were accessed on laptops in midwifery clinics or in private rooms 
of a prenatal care clinic. Given the evolution in the use of digital in-
terventions, findings cannot always be extrapolated over time as digital 
interventions nowadays mainly include apps that can be accessed via 
women’s personal smartphone/computer at a time which is convenient 
to them. In addition, the inclusion criteria of these reviews differ, and 
this constitutes a limitation when it comes to comparing the most 
effective intervention (Aromataris et al., 2015). We feel that a thorough 
analysis could be critical for research and clinical decision making 
because the wide range of existing systematic reviews with different 
methodological standards can lead to confusion regarding the extrapo-
lation of results (Ioannidis & Trikalinos, 2007). 

2. Objective 

The objective of the current paper is to carry out a systematic review 
of systematic reviews with an update of the existing evidence relating to 
a broad range of smoking cessation interventions, including pharma-
cologic, psycho-social and digital mobile interventions, exploring 
moderating factors and feasibility issues. The study aims to provide an 
answer to the following clinical question: what is the effectiveness of 
psycho-social, digital and pharmacologic interventions for smoking 

cessation biochemically confirmed in comparison to routine care 
administered in prenatal care, which may include a less intense inter-
vention than the intervention in question for psycho-social or digital 
interventions or a placebo group for the pharmacologic interventions. 

3. Methods 

We conducted an updated Systematic Review and Meta-Analysis 
following the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA 2020) guidelines (Page et al., 2022). The study 
protocol was registered in the PROSPERO database (reference 
CRD42022309530). 

3.1. Bibliographic search 

This was conducted by an information specialist in two stages: 
A search was conducted in the MEDLINE (PubMed), EMBASE, and 

Cochrane databases on January 2022 to identify systematic reviews and 
meta-analyses published, which evaluated the effectiveness of in-
terventions targeted at smoking cessation during pregnancy. For search 
purposes, we used MeSH terms and free terms, which were combined 
using boolean operators. The following keywords were used: “smok*”, 
“tobacco”, “program*”, “intervention”, “strategies”, “national health 
program”, “cessation”, “quit*”, and “pregnan* (Supplementary Files 1). 
High-quality systematic reviews and meta-analyses were included and 
evaluated using A MeaSurement Tool to Assess systematic Reviews 
(AMSTAR version 2 (Shea et al., 2017). We excluded narrative reviews 
and other types of non-systematic reviews, clinical practice guidelines, 
clinical protocols, technical reports, and other evidence-based docu-
ments. No language restrictions were applied to the search. 

We carried out an update of the most recent high quality systematic 
reviews and meta-analyses identified for each type of intervention 
(pharmacological, digital, and psychosocial) to identify new random-
ized controlled trials (RCTs). The search for new RCTs was performed on 
March 2022 reproducing and adapting the original search strategy 
(Claire et al., 2020; Chamberlain et al., 2017; Griffiths et al., 2018). The 
search strategy was rerun again in March 2023 to update records. In 
addition, we conducted an additional search in the International Clinical 
Trials Registry Platform (World Health Organization). 

3.2. Selection of studies included in the review 

To identify studies that met the eligibility criteria, two researchers 
(AVF and LVL) separately screened the titles and abstracts of primary 
studies included in selected systematic reviews and meta-analyses, as 
well as those identified in the update. The full text of potentially relevant 
studies were read to decide on final compliment. Where there were 
differences of opinion, these were settled by consensus. 

The updated systematic review included all randomized clinical tri-
als (RCTs) that fulfilled the following PECOS (patient, exposure, 
comparator, outcomes and study design) criteria: a) they included 
pregnant women aged 18 years and over who smoked conventional 
cigarettes; b) they evaluated interventions targeted at smoking cessa-
tion; c) the comparison group was routine care administered in prenatal 
care, a less intense intervention than the intervention in question, or the 
placebo group in the pharmacologic interventions; d) they evaluated 
effectiveness by reporting smoking abstinence during the second or third 
trimester of pregnancy, confirmed biochemically by reference to carbon 
monoxide (CO), thiocyanate, and/or cotinine (the cut-off points are 
provided in Supplementary Files 2); and e) they furnished relative risks 
(RRs) or the necessary data to calculate these, along with their respec-
tive confidence intervals (95%CIs). Studies published in languages 
different to English, Spanish, French, Portuguese and Italian were 
excluded. 
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3.3. Data-extraction and synthesis 

Data from RCTs that fulfilled the eligibility criteria were manually 
extracted using a pre-designed and adapted data-extraction sheet 
(Supplementary Files 2). Two independent researchers (AVF & LVL) 
performed the extraction and it was reviewed by a third researcher 
(MPR). 

For the purpose of ascertaining effectiveness, interventions were 
classified into 1) pharmacological, differentiating between nicotine 
replacement therapy (NRT) and bupropion; 2) digital (when the inter-
vention was carried out exclusively by means of an electronic device, 
without the participation of health professionals); and 3) psychosocial. 
In the case of psychosocial interventions, a distinction was drawn be-
tween: a) counselling: providing motivation to quit smoking, and 
enhancing problem-management and -solving skills; b) feedback: 
measuring and reporting CO and/or cotinine results, and informing 
mothers about the consequences of their CO and/or cotinine concen-
trations on fetal health status; c) incentives: rewarding smoking cessa-
tion financially (in cash or by voucher); d) social support: providing the 
support of a “peer”, health professional, or partner; and e) exercise: 
giving structured support to the performance of exercise, with the aim of 
promoting smoking cessation. All interventions that involved personal 
support to quit were coded as psychosocial, with independence of 
whether they were accompanied or not by other interventions (phar-
macologic, counselling, incentives, feedback, etc.), were provided face- 
to-face, by phone or digital means. 

No health education interventions were included since these already 
form part of routine pregnancy care in most countries. 

3.4. Meta-analysis 

We extracted or calculated the RRs and 95% CIs of each of the RCTs. 
Heterogeneity in the studies was assessed using Cochran’s Q test and 
estimation of the I2 statistic (Bowden et al., 2011; Higgins et al., 2003), 
and classified as low (0%–30%), moderate (>30%–60%), substantial 
(>60%–90%), or considerable (>90%–100%) (Higgins and Green, 
2011). We applied a random effects model, to account for heterogeneity 
not explained by known factors and performed a sensitivity analysis to 
explore the impact of removing each of the studies from the meta- 
analysis. Where the number of studies allowed for it, an meta-analysis 
by subgroup was performed. When subgroups included ≤3 studies, a 
narrative synthesis was conducted. 

In the case of pharmacologic interventions, a distinction was drawn 
between bupropion, short-term NRT (chewing gum and nicotine in-
halers), and long-term NRT (nicotine patches); and in the case of psy-
chosocial interventions, a distinction was drawn between counseling, 
feedback, incentives, social support, and exercise. Moderator analyses 
were also carried out, whenever information was available, to explore 
the influence of the country of the study, year of publication, and so-
cioeconomic status/financial income of participants. The rationale for 
performing a moderator analysis for studies on digital interventions 
published before and after 2000 was that the delivery of digital smoking- 
cessation interventions changed substantially after the 21st century 
given the exponential growth and evolution of mobile devices. The 
emergence of a wide range of tools and applications allowed for complex 
interventions to be delivered via women’s personal phone/computer at 
a time which is convenient to them. 

Funnel plots were used to evaluate publication bias, which was then 
validated by means of Egger’s regression asymmetry test (Egger et al., 
1997) (p-value < 0,1, confirms the existence of bias). All statistical an-
alyses were performed using the RevMan (Version 5.4.1; Cochrane 
Collaboration, Oxford, United Kingdom) and Stata v17 computer soft-
ware programs. 

3.5. Evaluation of study quality and level of evidence 

Risk of biases in the RCTs was assessed by applying the Cochrane 
Handbook guidelines and using the Rob-2 tool (Sterne et al., 2019). For 
study purposes, the following six types of bias were considered: selec-
tion, blinding, attrition/exclusion, reporting, biochemical confirmation 
and incomplete implementation. Studies were separately assessed by 
two independent researchers (AVF and LVL), and in any case where 
there were differences of opinion, these were settled by consensus with a 
third researcher (MPR). 

The level of evidence was evaluated with the GRADE tool (Guyatt 
et al., 2008). The quality of the evidence was classified as high, mod-
erate, low or very low, by reference to risk of bias, consistency, uncer-
tainty as to whether the evidence was direct, accuracy, and publication 
bias. 

4. Results 

4.1. Search results 

The bibliographic search identified 156 systematic reviews or meta- 
analyses published in the last ten years. Following the screening of titles 
and abstracts, 12 were preselected for a reading of the full text (Claire 
et al., 2020; Chamberlain et al., 2017; Griffiths et al., 2018; Rathbone & 
Prescott, 2017; DeNicola et al., 2020; Peer et al., 2020; Myung et al., 
2012; Overdijkink et al., 2018; Hemsing et al., 2012; Hussain et al., 
2020; Heslehurst et al., 2020; Wilson et al., 2018). Of these, three (Claire 
et al., 2020; Chamberlain et al., 2017; Griffiths et al., 2018) systematic 
reviews and meta-analyses were rated as being high-quality by the 
AMSTAR-2 tool (Shea et al., 2017) and subsequently selected for 
updating. These reviews included 63 RCTs that met the inclusion/ 
exclusion criteria. As result of the update, 8 additional RCTs were 
identified. 

Fig. 1 shows the flow chart of the studies included in accordance with 
the PRISMA 2020 guidelines (Page et al., 2021). The flow chart includes 
the reasons for exclusion of systematic reviews or meta-analysis as well 
as RCTs derived from the updated search that were read at full text. The 
main characteristics of the studies are summarized in the Supplementary 
Files 2. 

4.2. Pharmacological interventions 

4.2.1. Characteristics of studies included 
Twelve RCTs (Wisborg et al., 2000; Kapur et al., 2001; Hotham et al., 

2006; Pollak et al., 2007; Oncken et al., 2008; Coleman et al., 2012; El- 
Mohandes et al., 2013; Berlin et al., 2014; Oncken et al., 2019; Stotts 
et al., 2015; Nanovskaya et al., 2017; Kranzler et al., 2021) contributed 
data on pharmacologic interventions (n = 2505 pregnant women) to the 
meta-analysis. The RCTs came from the USA (n = 7), Netherlands (n =
1), Canada (n = 1), France (n = 1), United Kingdom (n = 1), and 
Australia (n = 1). Nine (Wisborg et al., 2000; Kapur et al., 2001; Hotham 
et al., 2006; Pollak et al., 2007; Oncken et al., 2008; Coleman et al., 
2012; El-Mohandes et al., 2013; Berlin et al., 2014; Oncken et al., 2019) 
evaluated the effectiveness of NRT (n = 2336 pregnant women), two 
(Oncken et al., 2008; Oncken et al., 2019) evaluated short-term NRT, 
and seven (Wisborg et al., 2000; Kapur et al., 2001; Hotham et al., 2006; 
Pollak et al., 2007; Coleman et al., 2012; El-Mohandes et al., 2013; 
Berlin et al., 2014) evaluated long-term NRT. The remaining three 
(Stotts et al., 2015; Nanovskaya et al., 2017; Kranzler et al., 2021) 
evaluated the effectiveness of bupropion (n = 169 pregnant women). In 
all the RCTs that assessed pharmacologic interventions, the control 
group was treated with placebo in the same presentation. 

4.2.2. Effectiveness of pharmacologic interventions 
The results of the meta-analysis showed that NRT slightly increases 

smoking cessation versus placebo (RR: 1.37; 95%CI:1.08–1.74, I2 =
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Fig. 1. . Flow chart of studies included in accordance with the PRISMA 2020 guidelines.  

Fig. 2. . Forest plot of the meta-analysis of random effects of the association between NRT and biochemically-confirmed smoking cessation.  
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34%) (Fig. 2). By subgroups, short-term NRT did not show higher 
effectiveness (RR: 0.91, 95%CI: 0.55–1.51, I2 = 49%) whilst long-term 
NRT was significantly effective for smoking cessation among pregnant 
women (RR: 1.53, 95%CI: 1.16–2.01, I2 = 28%). No differences were 
observed in the moderator analysis by country of origin (n = 2336 
pregnant women) (Supplementary Files 5). The funnel plot (Supple-
mentary Files 3) and Egger’s test (p = 0.0481) pointed to a potential 
borderline publication bias. 

No differences were found between bupropion and placebo for 
smoking cessation during pregnancy (RR: 0.65, 95%CI: 0.31–1.35, I2 =

0%) (Fig. 3). When the sensitivity analysis was performed, none of the 
studies substantially modified the effect. The funnel plot (Supplemen-
tary Files 3) and Egger’s test (p = 0.95) were consistent as to the non- 
existence of publication bias. 

The GRADE level of evidence was low for long-term NRT and mod-
erate for short-term NRT and bupropion (Supplementary Files 4). 

4.3. Digital interventions 

4.3.1. Characteristics of studies included 
For meta-analysis purposes, nine RCTs (n = 1575 pregnant women) 

conducted in the USA (n = 6), United Kingdom (n = 2) and Turkey (n =
1), were included. In one of the RCTs, the intervention consisted of 
mailing participants a v.ideo containing six 25–30 min cartoons that 
addressed different smoking cessation-related topics (Cinciripini et al., 
2000). Five used text messages with different strategies ranging from 
information on beliefs, motivation, and a 5A-based intervention to 
scheduled gradual reduction (Naughton et al., 2012; Pollak et al., 2013; 
Abroms et al., 2017; Naughton et al., 2017; Forinash et al., 2018). One 
study used WhatsApp messages based on the transtheoretical model 
(Balmumcu & Ünsal, 2021), one a v.ideotape based on social learning 
theory (Secker-Walker et al., 1997) and one an interactive computer 
program, which provided customized messages from a voice model 
(Ershoff et al., 1999). 

The comparator was routine care (guidelines, pamphlets, brief 
advice, etc.), except in two studies, which respectively used informative 
text messages about smoking (Pollak et al., 2013) and informative 
telephone messages about general health (Abroms et al., 2017). 

4.3.2. Effectiveness of digital interventions 
Overall, the results of the meta-analysis showed no significant as-

sociation for digital interventions (RR:1.30 95%CI: 0.95–1.77; I2 = 24%) 
(Fig. 4). In the subgroup analysis by year (n = 1575 pregnant women), 
digital interventions showed no effectiveness for smoking cessation 
before the year 2000 (RR: 2.40, 95%CI: 0.12–47.50, I2 = 78%) but a 
significant association was found in studies published after the year 

2000 (RR: 1.44, 95%CI: 1.08–1.92, I2 = 0%). No differences were 
observed in the moderator analysis by socioeconomic status or country 
(n = 1575 pregnant women) (Supplementary Files 5). When the sensi-
tivity analysis was performed, none of the studies substantially modified 
the effect. The funnel plot (Supplementary Files 3) and Egger’s test (p =
0.28) indicated the absence of publication bias. 

The GRADE level of evidence was moderate (Supplementary Files 4). 

4.4. Psychosocial interventions 

Characteristics of studies included 
A total of 44 RCTs (n = 15733 pregnant women) from the USA (n =

30), United Kingdom (n = 6), Greece (n = 1) Netherlands (n = 1), New 
Zealand (n = 2), Australia (n = 2) and France (n = 1) were included: the 
breakdown showed 25 RCTs on counseling (n = 11425 pregnant 
women), 3 on feedback (n = 664 pregnant women), 11 on incentives (n 
= 2289 pregnant women), 4 on social support (n = 570 pregnant 
women), and one on exercise (n = 785 pregnant women). In all but four 
studies (Parker et al., 2007; Cope et al., 2003; Higgins et al., 2014; Harris 
& Reynolds, 2015) the control group received routine care. In Parkerś 
et al. study (Parker et al., 2007) the intervention arm received motiva-
tional telephone calls and incentives (raffle) and the control arm a self- 
guide and a v.ideo. Cope et al. (2003) compared the use of a point-of- 
care test that provided visual and numerical feedback of cotinine 
levels with routine care and monitoring of cotinine without delivery of 
results; Higgins et al. (Higgins et al., 2014) evaluated two different 
schemes of financial incentives; the provision abstinence-contingent 
vouchers versus non-contingent vouchers provided to controls with in-
dependence of smoking status and Harris et al. (Harris & Reynolds, 
2015) assessed the delivery of intensive telephone counselling calls in 
comparison to the delivery of incentives (vouchers) if women sent v. 
ideos demonstrating abstinence using CO monitors (Supplementary 
Files 2).  

• Counselling 

In two RCTs (Dornelas et al., 2006; El-Mohandes et al., 2011) the 
intervention consisted of face-to-face psychotherapy sessions. The rest of 
RCTs (Secker-Walker et al., 1997; Ershoff et al., 1999; Parker et al., 
2007; Tappin et al., 2000; Hajek et al., 2001; Stotts et al., 2002; Hegaard 
et al., 2003; McLeod et al., 2004; Pbert et al., 2004; Tappin et al., 2005; 
Rigotti et al., 2006; Patten et al., 2010; Windsor et al., 2011; Lee et al., 
2015; Loukopoulou, 2018; Ershoff et al., 1989; Gielen et al., 1997; 
Hartmann et al., 1996; Kendrick et al., 1995; Panjari et al., 1999; Walsh 
et al., 1997; Windsor et al., 1985; Heil et al., 2008; Solomon et al., 2000) 
used motivation-based interventions; 10 were face-to-face (Secker- 

Fig. 3. . Forest plot of the meta-analysis of random effects of the association between bupropion and biochemically-confirmed smoking cessation.  
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Walker et al., 1997; Ershoff et al., 1999; Tappin et al., 2000; Hajek et al., 
2001; Stotts et al., 2002; McLeod et al., 2004; Pbert et al., 2004; Tappin 
et al., 2005; Rigotti et al., 2006; Patten et al., 2010; Windsor et al., 2011; 
Loukopoulou, 2018; Ershoff et al., 1989; Gielen et al., 1997; Hartmann 
et al., 1996; Kendrick et al., 1995; Panjari et al., 1999; Walsh et al., 
1997; Windsor et al., 1985) and 3 (Parker et al., 2007; Rigotti et al., 
2006; Patten et al., 2010) were by telephone. Lee et al. (2015) combined 
a face-to-face approach during pregnancy with the use of a phone call 
after delivery. In addition to phone counselling, Parker et al.’s study 
(Parker et al., 2007) included a second arm offering raffles ($100) in 
which subjects could only participate after 30 days of abstinence (the 
results of this arm are provided under incentives). Hegaard et al. (2003) 
combined in-person motivation with the offer of NRT in the form of 
patches or chewing gum. Of the women participating in the trial, 86.0% 
used NRT.  

• Biochemical feedback 

The intervention consisted in all cases of informing the mother of the 
cotinine results, in saliva (Stotts et al., 2009) or in urine (Cope et al., 
2003; Patten et al., 2019), and the risks to the fetus of smoking. In all 
studies (Cope et al., 2003; Stotts et al., 2009; Patten et al., 2019), the 
information was relayed to participants by letter and telephone, with the 
single exception of an intervention arm in Stotts et al.’s study (Stotts 
et al., 2009) where the mothers were informed during the obstetric 
ultrasonography.  

• Incentives 

Four RCTs (Heil et al., 2008; Ondersma et al., 2012; Kurti et al., 
2020; Berlin, 2021) evaluated the use of direct financial incentives if 
smoking abstinence was biochemically confirmed. The amounts handed 
out ranged from $25 in vouchers (Glover et al., 2015) to €520 in cash 
(Berlin, 2021). In four RCTs (Higgins et al., 2014; Harris & Reynolds, 
2015; Glover et al., 2015; Olson et al., 2019), participants were given 
exchangeable vouchers to purchase a range of articles of their choice, 
excluding baby formula, alcohol, or tobacco. The vouchers were handed 
over after smoking abstinence had been biochemically confirmed. In one 
intervention arm in Parker et al.’s study (Parker et al., 2007), a raffle 
was held ($100) in which subjects could only take part after providing 
proof of 30 days’ abstinence.  

• Social support 

In four RCTs (Solomon et al., 2000; Malchodi et al., 2003; Bullock 
et al., 2009; Hennrikus et al., 2010), a health professional provided 
support to pregnant women; and in one of these (Bullock et al., 2009), 
pregnant women also had 24-hour telephone access to a nurse.  

• Exercise 

In the RCT included (Ussher et al., 2015), in addition to behavioral 
support, participants were offered a physical activity intervention 
combining supervised exercise and physical activity consultations. 

4.4.1. Effectiveness of psychosocial interventions 
The results of the meta-analysis showed that psychosocial in-

terventions were effective for the purpose of quitting smoking during 
pregnancy (RR:1.41; 95%CI:1.25–1.59; I2 = 39%). The funnel plot 
(Supplementary Files 3) and Egger’s test (p = 0.02) indicated lack of 
publication bias. 

When the analysis was performed by subgroup, counselling and in-
centives were significantly associated with smoking cessation: RRs of 
1.27 (95%CI:1.13–1.43; I2 = 18%) and 1.77 (95%CI:1.21–2.58; I2 =

64%), respectively. In the sensitivity analysis, Parker’s study (Parker 
et al., 2007) substantially modified the effect, and after excluding it, the 
RR was 2.05; (95%CI: 1.50–2.81; I2 =36%). Social support (RR: 1.18; 
95%CI: 0.82–1.72; I2 = 0%) and feedback 1.67 (95%CI: 1.00–2.80; I2 =

21%), was not associated with smoking cessation. The results of the only 
study on physical exercise showed no impact on smoking cessation 
during pregnancy (RR: 1.20; 95%CI: 0.72–2.00) (Fig. 5). 

Moderator analyses have been performed by year, socioeconomic 
level and country (Supplementary Files 5) for counselling, biochemical 
feedback and incentives. For counselling, differences were only 
observed by country (n = 664 pregnant women): significant association 
was observed in the USA (RR:1.20; 95%CI:1.06–1.36; I2 = 4%), 
Australia/New Zealand (RR:1.55;95%CI: 1.08–2.24; I2 = 14%) and 
Europe (RR:2.49; 95%CI: 1.48–4.19; I2 = 0%), while no significant as-
sociation was observed in the UK (RR: 1.09; 95%CI: 0.85–1.41; I2 = 0%). 
For biochemical feedback, the only study conducted in UK (n = 244 
pregnant women) (Cope et al., 2003) show a significant association (RR: 
3.88; 95%CI: 1.38–10.93; I2 = 0%); whereas the two studies (n = 420) 
(Stotts et al., 2009; Patten et al., 2019) conducted in the USA showed a 
non-significant association (RR: 1.35; 95%CI: 0.81–2.25; I2 = 0%). For 
incentives (n = 2289 pregnant women), no significant association was 
observed in pregnant women with a low socioeconomic status (RR: 1.29; 
95%CI:0.86–1.94; I2 = 38%); whereas the association was significant for 
women who were not of a low socioeconomic status (RR: 2.71; 95% 

Fig. 4. . Forest plot of the meta-analysis of random effects of the association between digital interventions and biochemically-confirmed smoking cessation.  
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Fig. 5. . Forest plot of the meta-analysis of random effects of biochemically-confirmed psychosocial interventions.  
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CI:2.03–3.63; I2 = 0%). 
The GRADE level of evidence was high for counseling, feedback, and 

incentive interventions, and moderate for social support and exercise 
(Supplementary Files 4). 

Whilst acknowledging that the lack of blinding could be a concern, 
studies were not rated down for this reason because it is not feasible to 
blind participants to the intervention. 

5. Comment 

5.1. Principal finding 

Existing evidence is not consistent regarding the effectiveness of 
pharmacological interventions for smoking cessation during pregnancy. 
Among the non-pharmacologic interventions, those that have shown the 
highest rates of abstinence are financial incentives, followed by digital 
and counseling interventions. The moderator analysis shows that preg-
nant women of low socioeconomic status do not show significant ben-
efits from economic incentives or counseling interventions. These 
women are usually heavier smokers that live in pro-smoking environ-
ments and could require more intensive and targeted interventions. The 
effect of other interventions, such as social support and feedback, could 
not have been fully assessed due to the lack of studies. 

5.2. Comparison with existing literature 

The harmful health effects of tobacco have been well documented for 
decades, and a wide range of interventions targeted at smoking cessation 
during pregnancy have been assessed during this time. However, the net 
impact of interventions for smoking cessation among pregnant women is 
not satisfactory, since almost 50% of women continue smoking during 
pregnancy (Lange et al., 2018). Tobacco therefore ranks as the most 
important modifiable risk factor on which professionals who attend 
pregnant women should focus their efforts. Clinical practice guidelines, 
published by different health systems (Verbiest et al., 2017), offer a 
series of general recommendations as regards the various interventions 
that can be effective for quitting smoking, including pharmacological 
interventions, counseling, professional support, digital interventions, 
and feedback, but do not indicate which could be most effective. 
Currently, a great deal of controversy exists regarding these in-
terventions, especially surrounding pharmacologic interventions, due to 
the potential risk posed to the pregnant woman and fetus, which brings 
in a precautionary principle. Whereas the guidelines of Norway 
(Røykeavvenning-nasjonale-retningslinjer, 2022), Scotland (Health Ed-
ucation Board for Scotland, 2004), USA (Panel TU and DG, 2008), Japan 
(JCS, 2010) and Kyrgyzstan (2022) recommend that NRT and/or 
bupropion should not be administered to pregnant women, both the 
Australian (Australian Government Department of Health, 2018) and 
Canadian guidelines (CAN-ADAPTT, 2011) recommend NRT after other 
alternatives have been explored. In the United Kingdom, the National 
Health Service guideline (NICE, 2022) proposes NRT use in the event of 
the expectant mother being unable to quit smoking, arguing that it is a 
less harmful option than smoking itself. The US Preventive Services Task 
Force guidelines (2021) leave prescription of bupropion to the discretion 
of the medical doctor who attends the pregnant woman, and urge phy-
sicians to consider the severity of tobacco dependence individually. 

In several countries that consider pharmacological treatment, the 
intermittent dosing forms of short-term NRT (e.g., chewing gum, nasal 
and oral aerosols) are recommended as preferred pharmacotherapy to 
patches (Australia (Australian Government Department of Health, 2018) 
and Canada (CAN-ADAPTT, 2011). However, the only two RCTs on 
short-term NRT included in our review failed to show a significant effect 
for smoking cessation (moderate GRADE level of evidence). Insofar as 
long-term NRT is concerned, its effectiveness also seems to be unclear. 
The RRs observed in individual studies are very inconsistent, and three 
of the studies (Kapur et al., 2001; Hotham et al., 2006; El-Mohandes 

et al., 2013) display very wide confidence intervals, highlighting the 
marked imprecision of the results. Risk of blinding bias in these three 
studies (Hotham et al., 2006; Pollak et al., 2007; El-Mohandes et al., 
2013) is high as they did not compare with a placebo but with psy-
chosocial interventions. On the other hand, the four RCTs (Overdijkink 
et al., 2018; Hemsing et al., 2012; Page et al., 2021; Kapur et al., 2001) 
that compared NRT patches with placebo patches found no differences 
between groups. 

It should be noted that the use of NRT during pregnancy has been 
controversial due the fact that the pharmacokinetics of nicotine differs 
in intrauterine fetal exposure and adults, with the mean time of elimi-
nation in the former being greater (Dempsey et al., 2000). Certain 
studies indicate that prenatal exposure to nicotine leads to significant 
irremediable adverse effects on fetal development, including alterations 
in the normal development of the endocrine, reproductive, respiratory, 
cardiovascular and neurologic systems (Holbrook, 2016). A meta- 
analysis of recent RCTs which assessed the safety of NRT during preg-
nancy, found no significant differences between NRT and placebo for 
any of the events investigated (Taylor et al., 2021). 

High quality evidence is lacking for bupropion: the three studies 
retrieved agree on its lack of effectiveness for smoking cessation during 
pregnancy (moderate GRADE level of evidence). A systematic review 
and meta-analysis which assessed the safety of bupropion during preg-
nancy, evaluating birthweight, congenital malformations and birth, 
found no differences between the intervention and control groups 
(Turner et al., 2019). 

Among the non-pharmacological interventions, digital interventions 
showed a no significant global effect when compared with routine care. 
The results should be interpreted with caution. The moderator analysis 
shows that post-2000 interventions are indeed effective, which could be 
explained by the great evolution of development and access to tech-
nology that has taken place in the 21st century. Moreover, none of the 
individual studies showed a significant association and that, in turn, the 
quality of these studies is itself uncertain (moderate GRADE level of 
evidence). Furthermore, comparison but also generalization of findings 
is difficult because studies included a wide range of digital interventions 
encompassing multiple media (v.ideo, sms, app, WhatsApp, etc.). In the 
case of sms, though the mean was the same, some studies (Tappin et al., 
2000; Hegaard et al., 2003) used different motivation strategies, some 
used scheduled gradual reduction of cigarettes (Parker et al., 2007), and 
others used transmission of personalized information (Naughton et al., 
2012). Despite diversity of interventions, they were included in the 
digital category because all interventions have in common that they do 
not require a health professional to perform the intervention. Digital 
interventions like telemedicine have classically been considered a useful 
tool for reducing the cost of healthcare or accessing remote places 
(Almuslim & AlDossary, 2022). As a result of the COVID-19 pandemic, 
its use increased considerably worldwide. However, when it comes to 
planning a digital intervention, it is important to bear in mind the 
characteristics of the target population. Access to technology is a key 
barrier to implementing these interventions since digital gaps can exist 
even in developed countries, specially among vulnerable populations 
(Almuslim & AlDossary, 2022). Lower levels of education are commonly 
associated with limited Internet access. Accordingly, pregnant women in 
more disadvantaged socioeconomic circumstances could face in-
equalities affecting smoking cessation effectiveness (Griffiths et al., 
2018). We did not observe differences by socioeconomic level in the 
present study, but the results should be interpreted with caution because 
only two studies (Abroms et al., 2017; Secker-Walker et al., 1997) were 
conducted in women of low socioeconomic level. Moreover, some 
misclassification could have occurred as socioeconomic status was 
defined based on the target population from whom the sample was 
selected. Most of the studies were conducted in the USA and United 
Kingdom, so that their external validity is not guaranteed. 

Existing moderate-to-high GRADE quality evidence (depending on 
the subgroup) supports that psychosocial interventions are also effective 
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for quitting smoking when compared to routine care. However, a certain 
degree of heterogeneity exists. In the moderator analysis by country, 
professional counseling showed no statistical significance in UK while it 
did in the rest of the countries analyzed (Supplementary Files). One 
possible explanation could be that, although counseling forms part of 
general practice in most countries, the implementation of these practices 
can vary substantially across countries (Verbiest et al., 2017). Further-
more, in counseling, as in digital approaches, multiple interventions are 
involved. Nowadays, comparing to a zero-intervention scenario would 
not be possible for ethical reasons. The study of Hegaard’s et al. 
(Hegaard et al., 2003) is noteworthy because it includes nicotine 
replacement therapy in addition to counselling in some women. How-
ever, this study did not change overall results in the sensitivity analysis. 
[Overall RR of psychosocial intervention excluding Hegaard́s et al study 
(Hegaard et al., 2003): 1.38 (1.23–1.56; I2 = 37%); RR of counselling 
interventions excluding Hegaard́s et al study (Hegaard et al., 2003): 1.23 
(1.11–1.37, I2 = 5%)]. The study of Parkerś (Parker et al., 2007) et al 
and Harrisś (Harris & Reynolds, 2015) et al are also liable to bias to-
wards the negative direction given that the comparator arm includes 
other smoking-cessation interventions in addition to routine care. It 
should be stressed that most studies were also biased due to incomplete 
implementation, with the ensuing possibility that the effect might have 
been underestimated. Nonetheless, we cannot rule out this might also 
occur in “real” clinical practice. A qualitative study conducted in 
Australia found that lack of training; limited time for medical visits; and 
lack of a proper record showing whether or not the intervention had 
been conducted were the main barriers perceived by health pro-
fessionals when implementing counselling interventions for smoking 
cessation among pregnant women (Longman et al., 2018). 

According to the results of the current meta-analysis, incentives 
appear to be the most effective intervention for smoking cessation (high 
GRADE quality). On the contrary to what could be expected (Casetta 
et al., 2017), women of lower socioeconomic levels do not show sig-
nificant benefits from incentives. This trend is also observed in relation 
to other interventions. Consideration should be given to the fact that this 
subgroup of pregnant women are commonly heavier smokers that have 
less capacity for self-initiation and self-control and would probably 
require more intensive and targeted interventions. Moreover, low- 
socioeconomic smokers are more likely to belong to a pro-smoking so-
cial context compared to high-socioeconomic smokers, which is a main 
barrier to quit successfully. (Saito et al., 2018). 

Nonetheless, the use of incentives for smoking cessation during 
pregnancy is a highly controversial issue, since there are many aspects to 
be solved prior to proposing their implementation in clinical practice, 
such as time, frequency, financial value, duration, and type of incentive 
(Breunis, 2021). Moreover, the encouraging results of incentives have 
led to some ethical questions being raised, such as their possible coercive 
nature, the risk of cheating, and the fact that such incentives might be 
regarded as unfair by persons who do not smoke (Breunis et al., 2020). 
One study which compares French and UK population acceptability 
concludes that it should be examined in each country before imple-
mentation of these policies because, even though France and UK have a 
similar socioeconomic level, public acceptability differs in the two 
countries (Berlin et al., 2018). 

Social support did not appear to have an influence on smoking 
cessation in any of the studies included. However, these findings should 
be interpreted with caution because in all the studies included in this 
review, support was provided by a health professional and not by a 
“peer”. Several studies indicate that women who continue smoking 
during pregnancy are more likely to have a partner who smokes, and to 
have less support for and assistance in quitting than do those who stop 
smoking spontaneously (Solomon & Quinn, 2004). It is commonly 
accepted that the mere perception of another person’s behavior auto-
matically increases the probability of participating in such behavior 
oneself (Chartrand & Bargh, 1999). 

Only three (Cope et al., 2003; Stotts et al., 2009; Patten et al., 2019) 

of the included studies reported on feedback, and of these, only one 
(Cope et al., 2003) found a significant effect. In this study, the com-
parison group solely received routine advice from the physician or 
nurse, whereas in the rest of the studies, routine care was based on the 
5A model. The only study (Ussher et al., 2015) on exercise likewise 
showed no effectiveness, very likely because of the low achievement of 
the sessions offered (participants attended a median of 4 out of the 14 
sessions of the full intervention). 

5.3. Strengths and limitations 

The fact that the intervention may be used as part of a wider inter-
vention or in combination with other strategies constitutes an important 
limitation to drawing up definitive conclusions, since it is unclear how 
each component contributes to the observed smoking cessation effect. 
The biochemical confirmation also raises some concerns, since at times 
cotinine is used as a biomarker (smoking-specific biomarker) and at 
others, CO (less sensitive) is used. Furthermore, the duration of the effect 
of the intervention has not been evaluated. Underestimation of the effect 
in the case of psychosocial interventions cannot be ruled out because in 
many healthcare systems, routine care for pregnant woman already in-
corporates counseling and/or advice. Overall, there is scant information 
with respect to the selection or the characteristics of the participants. For 
example, we observed that the socioeconomic status was not systemat-
ically recorded in most of the RCTs, nor did studies provide sufficient 
information to classify patients accordingly. The reason for this is un-
certain, although it constitutes a source of bias and an obstacle for the 
generalization of results given that not all studies could be included in 
the moderator analysis. 

Patching together pre-existing reviews is limited by different eligi-
bility criteria, evaluation methods and thoroughness of updating infor-
mation across the merged reviews. Moreover, pre-existing reviews may 
not cover all the possible management options. 

The main strength of the current review is that it includes an updated 
analysis of studies complying with the same eligibility criteria and 
evaluation methods, allowing for the results to be critically compared. 
All the studies included in the current review confirmed smoking 
cessation biochemically and this is an important added value versus 
other existing meta-analyses, because without biochemical confirma-
tion, non-disclosure of smoking due to social desirability bias might be 
present. A USA study among 4197 pregnant women aged 20 to 44 years 
compared questionnaire-based maternal self-reported smoking and 
serum cotinine concentrations, and found that 23.0% of pregnant 
smokers did not report tobacco use (Dietz et al., 2011). Another strength 
of this review is that we conducted moderator analyses to explore the 
influence of the country of the study, year of publication and socio-
economic status of participants Searching for unpublished studies re-
duces publication bias due to selective publication. We have restricted 
the search to RCTs published after 2012 because when high quality 
systematic reviews/meta-analysis exist the probability of missing trials 
is minimum and updating is considered more efficient than starting all 
over again when new evidence emerges (The BMJ, 2022). 

However, it should not be forgotten that the effectiveness of an 
intervention targeted at smoking cessation during pregnancy does not 
only depend on the intervention as much and the way it is organized. It 
also depends on the capacities of the expectant mother, her needs, cul-
ture, and personal situation. Hence, interventions may be context- 
dependent, as shown in the moderator analyses by country, to which 
must be added the fact that 43 of the 63 RCTs included were undertaken 
in the USA. 

6. Conclusions and implications 

In brief, though the results might differ slightly at the level of the 
different countries, the results of this meta-analysis support the adoption 
of psychosocial interventions to promote smoking cessation during 
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pregnancy (moderate-high quality evidence). The evidence supporting 
the use of long-term NRT was found to be of low quality. 

Existing evidence suggests that, if routine care already includes some 
type of counseling, it would be beneficial to consider boosting this with 
incentives or feedback interventions. The moderator analysis suggests 
that pregnant women of low socioeconomic status might benefit less 
from smoking cessation interventions like economic incentives than 
women of a high socioeconomic status. These women are usually 
heavier smokers that live in pro-smoking environments and could 
require more intensive and targeted interventions. 

Bearing in mind the doubts surrounding the implementation of 
psychosocial interventions, it would be advisable to explore their 
viability and acceptability in different healthcare-service delivery set-
tings and contexts. 
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