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Abstract

Contingency management is one of the most effective treatments for substance use disorders

in not-pregnant people. The most recent quantitative review of its efficacy among pregnant and
postpartum women who smoke cigarettes concluded with moderate certainty that those receiving
contingent financial incentives were twice as likely to be abstinent compared with controls. We
aimed to update and extend previous reviews.

Five databases were systematically searched for randomized controlled trials (RCTs) published
before December 2022 that assessed the effectiveness of incentives for abstinence from substance
use. Data from trials of smoking abstinence were pooled using a random-effects meta-analysis
model (restricted maximum likelihood). Results are reported as risk-ratios (RRs) with 95%
confidence intervals (CIs). This study is registered with PROSPERO, CRD42022372291.
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Twelve RCTs (3,136) pregnant women) were included. There was high certainty evidence that
women receiving incentives were more likely to be abstinent than controls at the last antepartum
assessment (12 RCTs; RR=2.43, 95% CI 2.04-2.91, n=2,941, 12=0.0%) and moderate certainty
evidence at the longest postpartum assessment while incentives were still available (five RCTSs;
RR=2.72, 1.47-5.02, n=659, 12=44.5%), and at the longest postpartum follow-up after incentives
were discontinued (six RCTs; RR=1.93, 1.08-3.46, n=1,753, 12=51.8%).

Pregnant women receiving incentives are twice as likely to achieve smoking abstinence during
pregnancy suggesting this intervention should be standard care for pregnant women who smoke.
The results also demonstrate that abstinence continues into the postpartum period, including after
incentives are discontinued, but more trials measuring outcomes in the postpartum period are
needed to strengthen this conclusion.

Keywords

pregnancy; postpartum; tobacco; cigarettes; smoking; abstinence; contingency management;
incentives

Introduction

The 2021 United States National Survey on Drug Use and Health estimated that in

the past month approximately 10% of pregnant women (more than 200,000 individuals)
smoked tobacco cigarettes (7% daily) [1]. Similar findings have been reported in Europe
and data from low- and middle-income countries indicate that smoking among women of
reproductive age and during pregnancy is a global and potentially growing problem [2,3].

Smoking during pregnancy increases the risk of poor pregnancy outcomes such as low

birth weight, small for gestational age birth, and sudden unexpected infant death [4-6].
Although some women spontaneously abstain from smoking and other substance use during
pregnancy [7-10], many are unable to achieve and sustain abstinence without intervention,
especially women facing greater psychosocial stressors such as socioeconomic disadvantage
and poor mental health [11,12].

One of the most effective treatments for substance use disorders is contingency
management, a behavioral intervention wherein patients receive material (often financial)
incentives contingent on objectively-verified behavior change [13]. The empirical literature
on this topic has grown significantly over time, including an increasing number of studies
focused on promoting smoking abstinence among pregnant women. A 2019 meta-analysis of
RCTs quantified the effects of incentives on smoking during pregnancy and postpartum
reported through July 2018 [14]. In most of the nine trials included, incentives were
contingent on smoking abstinence, but one large trial of more than 1,000 participants offered
incentives contingent primarily on smoking treatment adherence, such as for completing
counseling telephone calls [15]. Two other trials in that 2019 review involved comparisons
where the effect of incentives on abstinence could not be or were not isolated [16,17].
Compared to no-incentive conditions, pregnant women who received incentives were nearly
three times as likely to be abstinent at the last assessment during pregnancy, which typically
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took place in the third trimester in the seven trials analyzed. The certainty of evidence for
this comparison was deemed moderate. Also deemed of moderate certainty, pregnant women
who received incentives were twice as likely to be abstinent at the longest follow-up, based
on nine trials analyzed. The timing of this follow-up assessment varied widely, ranging

from the 3rd trimester of pregnancy to six months postpartum, and also mixed trials where
the longest follow-up occurred while incentives were still available with those where that
assessment took place after incentives were discontinued.

Given further additions to the literature on incentives to promote smoking abstinence during
pregnancy and postpartum, the importance of reducing peripartum smoking to individual
and population health, and recent progress on implementing this intervention into routine
prenatal care [18,19], we conducted a systematic review and meta-analysis of the literature
to update the results of prior reviews by focusing on RCTs of incentives contingent primarily
on abstinence from cigarette smoking and quantifying effects at several key time-points of
intervention delivery and follow-up during pregnancy and postpartum.

Search strategy and selection criteria

The study protocol was registered with PROSPERO (CRD42022372291) [20] and followed
Preferred Reporting Items for Systematic reviews and Meta Analyses (PRISMA) guidelines
[21].

Using the search strategy outlined in the supplementary appendix, Medline, American
Psychological Association PsycInfo, Embase, Cochrane (the Cochrane Central Register

of Controlled Trials, the Cochrane Tobacco Addiction Group Specialised Register and

the Cochrane Database of Systematic Reviews), and PubMed were searched from their
inception until 11/17/2022 for published reports of RCTs or quasi-experimental or pragmatic
trials [22] of incentives for abstinence from substance use among pregnant women. Only
trials using an experimental design that allowed treatment effects to be attributed to the
incentive intervention were included. Trials involving participants who were not pregnant
at the time of randomization were excluded. Finally, trials that did not report data on
incentive magnitude, treatment duration, or timing of incentive delivery were excluded,

as were those where the majority of incentives were contingent on a behavior other than
the pregnant participant’s biochemically-confirmed abstinence (e.g., treatment attendance).
If data relevant to these inclusion/exclusion criteria were not reported in the published
article, trial authors were contacted in an effort to obtain the information. Participant data
were extracted from each trial and risk ratios (RRs) with 95% confidence intervals were
calculated.

Study selection

LSK conducted the literature search and screened all abstracts. TGE independently screened
a random selection of 10% of abstracts. LSK and TGE independently screened all full-text
articles. Conflicts over the inclusion of 15 studies were resolved through discussion (five
were secondary analyses of included RCTs, four studies did not report the relevant outcome,
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four were not among the specified designs/interventions, and two were not in the population
of interest). All data were extracted by LSK and TGE. Percentage agreement for outcome
data was 93% after comparison. Conflicts over inclusion and data extraction were resolved
through discussion. LSK and SRMC conducted independent assessments of risk of bias and
certainty of evidence using the Cochrane ‘Risk of bias 2’ and the GRADE approach [23].

Data analysis

Data were extracted on recruitment setting, participant characteristics, intervention details
and substance use abstinence outcomes (including whether and how it was biochemically
verified) in a custom form (https://osf.io/6nm4p/). Self-reported abstinence was only
included in the analyses when biochemically verified data were not reported by study
authors. All but one of the trials included in the analysis reported results from an intention-
to-treat analysis whereby participants lost to follow-up were classified as ‘continued to
smoke’. The only exception was Ondersma 2012 [17] wherein the authors excluded nine
individuals (8% of the total sample) lost to follow-up from their final analytic sample. The
present meta-analysis used existing publicly available summary data, and as such ethical
approval by an institutional review board was not necessary.

Changes from pre-registered analysis plan—Regarding changes from the pre-
registered analysis plan [20], first, we planned to include RCTSs of incentives for abstinence
from other substances (see search terms). However, only two trials included in the review
involved incentive interventions for substance use other than tobacco [24,25]. Given the
small number of trials and the fact that their results have been described in another review
[26], we do not discuss them further here. Second, we planned to use meta-regression

to examine whether effectiveness was moderated by factors like incentive magnitude and
timing of incentive delivery as was observed in our meta-analysis conducted on incentive
trials with predominantly not-pregnant participants [27]. However, there was low to no
between-study heterogeneity in the effect sizes of trials included in the meta-analysis

and values for these specific variables were also very similar between included RCTs,
constraining our ability to meaningfully conduct the planned meta-regression [28]. Third,
there were substantial reporting differences among the few trials included in the review that
included treatment retention rates, leading us to forego exploration of that outcome.

Meta-analyses of trials on incentives for abstinence from cigarette smoking
—In a random-effects model (restricted maximume-likelihood method [29]), each RCT
was weighted by the inverse of its within- and between-study variance [28]. Pooled

risk ratios (RR) with 95% confidence intervals (Cls) for all incentive interventions were
calculated as the weighted average of each individual trial’s estimated intervention effect.
All computations were done on a log scale using the log RR (including its variance and
standard error). Summary effects were then exponentiated for interpretation.

Forest plots were planned to explore the effect of incentive interventions on abstinence

from cigarette smoking at the last assessment during pregnancy, at the longest postpartum
assessment while incentives were still available, and at the longest postpartum assessment
after incentives were discontinued versus passive or active control/usual care. In the previous
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meta-analysis on this topic [14], a trial could contribute the same outcome data to both

the analysis of abstinence at the longest follow-up and at the last assessment during
pregnancy, if for that trial the longest follow-up also happened to be the last assessment
during pregnancy [17,30,31] (Donatelle 2000b is reported in [30]). In contrast, in the current
meta-analysis, outcome data could only be included in an analysis for one time-point. For
trials where the last assessment during pregnancy was also the longest follow-up, data were
only included in the former analysis. Heterogeneity was explored through review of forest
plots, and use of the Chi? test to assess whether observed differences in results between
trials were compatible with chance alone. / statistics were calculated to examine the level
of inconsistency across trial findings [28]. Where there were sufficient trials, small study
bias (including publication bias) was explored using funnel plots and assessed using Egger’s
regression test where visual inspection indicated potential asymmetry.

Analyses were conducted in R version 4.2.1 and the packages metafor [32], metameta [33]
and tidyverse [34]. Data extraction, risk of bias and GRADE assessment forms are publicly
available on the open science framework https://osf.io/6nmd4p/.

Sensitivity analyses—Because some trials were described by authors as pilot or
feasibility trials, we conducted an additional sensitivity meta-analysis for the last assessment
during pregnancy that excluded these trials. For the analysis at the longest follow-up
postpartum after incentives were discontinued, a post-hoc sensitivity analysis was conducted
excluding the only trial that did not biochemically verify smoking abstinence.

Power analysis—Conforming to the “methods used to assess confidence in the body
of evidence” component of the PRISMA [21] guidelines, we calculated the study-level
statistical power in the meta-analysis for the outcome at the last assessment during
pregnancy under a range of hypothetical effect sizes [33]. Using transformed normally
distributed effect sizes (log RRs) and their standard errors, the statistical power of the trial
for a hypothetical effect size was calculated using a two-sided Wald test.

From a total of 455 studies identified in the literature search, 46 full text articles were
retrieved and screened. Of these, 12 RCTs (3,136 pregnant participants randomized)
targeting abstinence from smoking were included in this review (Figure 1, Table 1). Eight
trials were conducted in the US [17,30,31,35-39]. Two trials were conducted in the UK
[40,41], and one each in France [42] and New Zealand [43]. Of these intervention trials
nine were full RCTs [30,35-42], two were feasibility RCTs [31,43], and one was a pilot
RCT [17]. Overall, four of the 12 included RCTs were classified as being at low risk of
bias, seven as having unclear risk, and one as high risk, on all domains considered in

the assessment (Tables S1, S2 and online supplementary material https://osf.io/6nm4p/).
Classifications of unclear risk were mostly based on the absence of a registered trial
protocol, lack of information about access or uptake of nicotine replacement therapy (NRT),
and unbalanced drop-out during the trial, but these concerns were deemed unlikely to
seriously alter the results (Table S2).
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Summary of included RCTs

Table 1 provides a summary of the included trials. Four RCTs were conducted entirely in
the antepartum period [17,30,42,43]. Intervention duration varied from eight to 43 weeks.
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Estimated maximum possible daily earnings for participants in the incentive groups of
included trials ranged from US $1.59 to $10.70 for those conducted in US and up to

GB £1.95 (equivalent to US $2.40 in the year the trial was published) in the UK. The
respective maximum possible earnings in the New Zealand and France trials were NZD
$3.57 (US $2.49 in the year the trial was published) and EUR €2.86 (US $3.43 in the year
the trial was published). All trials involved the immediate delivery of the incentive upon
biochemical verification of abstinence from smoking. Four trials included access to NRT
for all participants in the trial [37,40,41,43]. Most trials recruited from general maternity
hospitals or prenatal/obstetric clinics. Two trials recruited solely from Women, Infants, and
Children (WIC) programs, which serve women with low incomes at risk for inadequate
nutrition [30,35], one trial limited their sample to women receiving methadone for opioid
use disorder [31], and another restricted participation to those self-identifying as New
Zealand indigenous Maori [43].

Pooled effect at the last assessment during pregnancy

A pooled effect size was estimated based on the 12 RCTs of incentives for smoking
abstinence at the last assessment during pregnancy, which in seven trials was also the end
of treatment. Smoking abstinence was biochemically verified in all 12 trials. The analytic
sample consisted of 2,941 women after trials accounted for drop-out due to fetal demise

or withdrawn consent and our exclusion of certain trial arms where it was not possible

to separate the effect of incentives from a co-intervention (see Table 1). Women assigned
to incentive interventions were more than twice as likely to be abstinent compared with
controls (RR=2.43, 95% CI 2.04-2.91) (Figure 2). Trials varied according to when the
outcome was measured during pregnancy (range months 5-8 of gestation), but heterogeneity
in effect size was low (12=0.0%). Visual inspection of the funnel plot (Figure S1) and
Egger’s regression test (Table S3) suggested there was a low likelihood of small study bias.
The certainty of evidence for this comparison was deemed to be high (Table S2).

Similar results were observed in the sensitivity meta-analysis that excluded feasibility and
pilot RCTs (nine RCTs; RR=2.47, 95% CI 2.07-2.96, n=2,798; 12=0.0%) (Figure S2).
Assuming an alpha of 0.05 (two-tailed), the pre-registered power analysis using standard
errors of effect sizes for all RCTs in this meta-analysis indicated that aside from Berlin
2021 [42], Higgins 2022 [37], Tappin 2015 [40], and Tappin 2022 [41], other trials could
not reliably detect a range of small hypothetical effect sizes at the last assessment during
pregnancy (Table S4 and Figure S3).

Pooled effect at the longest postpartum assessment while incentives were still available

A pooled effect size was estimated based on five RCTs of incentives for smoking abstinence
at the longest postpartum assessment while incentives were still available. Smoking
abstinence was biochemically verified in all five trials. Women assigned to incentive
interventions were approximately 3 times more likely to be abstinent compared with controls
(RR=2.72, 95% CI 1.47-5.02, n=659) (Figure 3). This outcome was measured consistently
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at 2-3 months postpartum and heterogeneity in the effect size between trials was moderate
(12=44.5%). There were not sufficient studies to examine small study bias. The certainty of
evidence for this comparison was deemed to be moderate (Table S2).

Pooled effect at the longest postpartum assessment after incentives were discontinued

A pooled effect size was estimated based on the six RCTs of incentives for smoking
abstinence reported at the longest postpartum assessment after incentives were discontinued.
Smoking abstinence was biochemically verified in all six except Tappin 2015 [40] wherein
abstinence was based on self-report. Women assigned to incentive interventions were almost
twice as likely to be abstinent compared with controls (RR=1.93, 95% CI 1.08-3.46,
n=1,753) (Figure 4). This outcome was measured at 6 months postpartum in five of

the six trials and at 11 months postpartum in the sixth. Trials also varied somewhat in

the time between when incentives were discontinued and when the longest postpartum
assessment was administered (range 3-8 months), but heterogeneity in effect size was
moderate (12=51.8%). There were not sufficient studies to examine small study bias. The
certainty of evidence was deemed to be moderate (Table S2).

In a post-hoc sensitivity meta-analysis that excluded the single study in which smoking
abstinence was not biochemically verified, the estimate for abstinence at the longest
postpartum assessment after incentives were discontinued was compatible with there being
no effect (RR=1.44, 95% CI 0.92-2.23, n=1,144) (Figure S4).

Discussion

Results from the randomized controlled trials included in this review provide high to
moderate certainty evidence that pregnant women receiving incentives contingent on
biochemically-confirmed smoking abstinence are approximately twice as likely to be
abstinent compared to control or usual care conditions. This represents a strengthening

in the certainty of the evidence for the last assessment during pregnancy relative to the

2019 Cochrane review, in which certainty was moderate [14]. This upgrade in certainty
reflects in part the inclusion of four new RCTs with a combined sample size of nearly 1,700
participants, more than doubling the number of participants assessed during pregnancy.
Although some trials in the analysis had limited statistical power to detect a range of small
to moderate effect sizes, considering the large and clinically meaningful observed effect size
(RR 2.43), these additional trials bolster conclusions about the body of evidence regarding
incentives for smoking abstinence.

There was evidence in favor of incentives for smoking abstinence both at the longest
postpartum assessment while incentives were still available and at the longest postpartum
assessment after incentives were discontinued. However, the evidence at these time-points
was graded as moderate due to the observed level of heterogeneity in effect size between
the included trials. Data from additional rigorous, well-designed trials of incentives for
smoking abstinence will help refine the magnitude of effects in the postpartum period and
strengthen the certainty of the evidence for continued abstinence after incentive delivery has
ceased. Indeed, data from not-pregnant people suggest benefits will persist. A recent meta-
analysis of 23 studies assessed the long-term efficacy of incentives for stimulant, opioid,
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or polysubstance abstinence among not-pregnant people [45]. Participants in studies in that
meta-analysis who received incentives had 22% greater odds of abstinence approximately
24 weeks after treatment ended than participants receiving comparison treatments (OR=1.22,
95% CI 1.03-1.44), which included some high-intensity, evidence-based treatments (e.g.,
cognitive-behavioral therapy) and intensive outpatient treatment.

In 2021, the National Institute of Health and Care Excellence (NICE) in England added
financial incentives to its recommended list of interventions for pregnant women who smoke
based on their own economic modelling demonstrating cost-effectiveness [19]. This year,
perhaps prompted by subsequent demonstrations of cost-effectiveness in the UK and the

US [46,47], the UK government announced that all pregnant women who smoke will be
offered incentives by the end of 2024 [18]. The present results should further strengthen this
endeavor and prompt questions about why no insurers or public payers in the US, where the
majority of the research has been done, have any apparent plans to follow suit.

While developments toward widespread implementation based on the data to date are
welcome, there is still more that could be learned through future research. The magnitude of
the incentives has been shown to be a significant moderator of effect size in studies targeting
abstinence from a wide range of substances with not-pregnant populations, with studies
involving maximum possible daily earnings of less than USD $5.00 generating an overall
small effect size, while those offering USD $5.00-10.99 and USD $11.00-16.00 generate
overall medium effect sizes [27]. We were unable to analyze magnitude in the present
report given limited variability across the included studies: eight of the 12 had maximum
possible daily earnings of less than USD $5.00 [17,35,36,38,40-43], two were in the USD
$5.00-10.99 range [31,39], and a value could not be calculated for another [30]. The twelfth
trial, which was conducted by our group, tested magnitude in a unique way [37]. As noted
in Table 1, women in that trial who were smoking <10 cigarettes per day at trial intake
could earn the same magnitude of incentives offered to all participants in our prior in-person
trials, approximately $4.00 per day [36,38,48], but women smoking = 10 cigarettes per

day, who are much less likely to achieve abstinence [49,50], could earn double that usual
magnitude, or approximately $8.00 per day. As shown in Figure 2 in the present report,
incentives in the Higgins et al., 2022 trial collectively produced 4-fold more abstinence than
the control condition at the last assessment during pregnancy. Importantly, this overall effect
was evident in the abstinence percentages reported in the primary outcomes paper for both
the lighter (50% vs. 12%) and heavier (24% vs. 5%) smokers [37]. A subsequent analysis
demonstrated the cost-effectiveness of this tailored approach, underscoring its potential
utility in addressing a particularly challenging subset of this population [51].

We have also previously encouraged testing the continuation of incentives further into

the postpartum period to reduce relapse and protect more infants and children from the
adverse consequences of secondhand smoke exposure [37]. Relatedly, a large, ongoing
three-arm RCT in the UK is testing the efficacy and cost-effectiveness of one way to
approach the problem of postpartum relapse [52]. In this trial, all participants will have
been offered incentives contingent on smoking abstinence during pregnancy. Those who
are abstinent at the end of pregnancy and intend to stay abstinent postpartum will be
randomized to either 1) usual care, 2) the same plus monthly incentives for each participant
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and a “Significant Other Supporter” for the first three months postpartum, or 3) the same
plus additional incentives for participants at 6, 9, and 12 months postpartum. We have
also suggested the possibility of combining incentives with other behavioral interventions
(e.g., the Community Reinforcement Approach) and pharmacological interventions (e.g.,
substitution of non-combusted tobacco products for combusted cigarettes) in an effort to
help more women initiate abstinence and sustain it longer-term [37].

There are some limitations to the current review. The primary meta-analysis included three
feasibility and pilot trials, including one where participants had to ask staff to test their
smoking status [17], which less than half of participants did, likely contributing to the lack
of efficacy. These pilot and feasibility trials had relatively small weights in the analysis, as
demonstrated by the similar effect size in the sensitivity analysis which excluded them. For
the analyses involving assessment of abstinence from smoking at the longest postpartum
assessment while incentives were still available and at the longest postpartum assessment
after incentives were discontinued, the certainty of evidence was rated as moderate due to
the relatively small number of trials appraised and the observed levels of heterogeneity in
the effect sizes of included trials. Additional trials that collect data at these time-points will
help increase confidence that the true effects are similar to what has been estimated. As
noted above, there were low levels of heterogeneity between trials with regard to incentive
magnitude and also the immediacy of incentive delivery. The consistency of immediate
incentive delivery across trials suggests that researchers have heeded clear evidence from
studies in not-pregnant populations about the importance of this aspect of incentive schedule
design [27].

In conclusion, there is now high certainty evidence that pregnant women receiving incentive
interventions are more than twice as likely to achieve smoking abstinence during pregnancy
compared to controls, providing a stronger evidence base than any other intervention for this
population to date to our knowledge. There is also moderate certainty evidence of greater
abstinence at the longest postpartum assessment while incentives were still available and at
the longest postpartum assessment after incentives were discontinued. Efforts to implement
this intervention in everyday clinical practice should be expanded while research continues
to explore ways to optimize effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Incentives increase smoking cessation during pregnancy.
. Incentives for smoking cessation in pregnancy should be part of standard
practice.
. Incentives for smoking cessation after delivery are promising.
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Figure 1:
PRISMA flow diagram illustrating study selection.
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Figure 2: Forest plot comparing incentive interventions for smoking abstinence at last
assessment during pregnancy vs. control or usual care.

*Month of pregnancy when last assessment during pregnancy was completed. Dash (-)
indicates could not be calculated.
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Author & Year Month*  Abs Smok Abs Smok
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Weight %  Risk Ratio [95% CI]
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Heil 2008 3 139 9 28 7.7 9.73[1.29,73.13]
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(Q=7.17, df = 4, p = 0.13; I* = 44.5%)
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Figure 3: Forest plot comparing incentive interventions for smoking abstinence at the longest
postpartum assessment while incentives were still available vs. control or usual care.

*Month indicates the month postpartum when this assessment was completed.
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Figure 4: Forest plot comparing incentive interventions for smoking abstinence at the longest

postpartum assessment after incentives were discontinued vs. control or usual care.
*Month indicates the month postpartum when this assessment was completed.
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Characteristics of randomized controlled trials (RCTs) testing incentive interventions for smoking abstinence
during pregnancy and postpartum.

Table 1:

Page 18
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Mean Incentive
Mean cigarettes condition
weeks per day ) maximum
gestation (CPD) at Intervention possible
Recruitment Study Number at study Control Incentive duration daily
Study Country setting design randomized baseline enrollment condition condition(s) (weeks) @ earnings b
Berlin France 18 maternity 2arm 460 Control: CPD not 5 monthly Same as 20¢€ Assuming
2021€ wards RCT 13.7 reported visits where control maximum
participants condition plus Intervention
received a vouchers duration of
Intervention: | FTCD >10-minute contingent on 5 months,
13.6 score: intervention biochemically- EUR €2.86
for smoking verified
cessation, smoking
Control: 4.6 | including abstinence
motivational (self-report of
counseling, no smoking in
Intervention: | support, the past 7 days
4.6 relapse and carbon
prevention, monoxide
and skills (CO)<8
training ppm).
elements for
behavioral
modifications
Donatelle | USA 4 Oregon 2arm 220 (13 Control: CPD not Written and Same as 31.4 US $1.59
2000a Women, RCT withdrawn 16.4 reported verbal control based on
Infants, and due to information condition plus incentives
Children pregnancy on the vouchers delivered to
(WIC) termination/ | Intervention: | Mean importance contingent on participant,
program sites, fetal 16.6 salivary of smoking biochemically- not social
which serve demise; 207 cotinine (ng/ | cessation verified supporter
women with included in ml): provided by smoking
low-incomes analysis) WIC or abstinence(sali
at risk for research staff | vary
inadequate Control: at baseline thiocyanate
nutrition 45.7 and <100ug/ml)
biochemical delivered to
verification participant and
Intervention: | of smoking to social
454 status for supporter
those who
reported
abstinence
during
monthly
monitoring
phone calls
(upto 8
months until
delivery and
2 months
postpartum)
Donatelle | USA 8 Oregon WIC | 3arm 186 Not reported | Neither 5A’s (ask, Intervention Not reported | Not
2000b program sites RCT ¢ CPD nor advise, condition 1: reported
(data other assess, assist, | Same as
reported dependence and arrange) control
in measure intervention condition plus
Donatelle reported vouchers for
2004) biochemically-
verified
smoking
abstinence (<5
CO ppm)
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Study

Country

Recruitment
setting

Study
design

Number
randomized

Mean
weeks
gestation
at
baseline

Mean
cigarettes
per day
(CPD) at
study
enrollment

Control
condition

Incentive
condition(s)

Intervention
duration

(weeks) @

Incentive
condition
maximum
possible
daily
earnings b

Intervention
condition 2:
Same as
intervention
condition 1
plus
information
about risk of
harm for
specific CO
levels

For both
intervention
conditions,
abstinence
assessed, and
incentives
provided each
month for up
to 8 months
until delivery

Glover
2015

New
Zealand

Self-identified
Maori women
recruited from
midwife,
general
practitioner
and maternity
services in
Auckland as
well as
advertisements
in the
community
and on social
media

3arm
feasibility
RCT €

24

Control: 17

Intervention
condition 1:
18

Intervention
condition 2:
12

Control: 6

Intervention
condition 1:
12

Intervention
condition 2:
10

Prev Med. Author manuscript; available in PMC 2024 November 01.

Information
about
different
cessation
products and
services and
access to
nicotine
replacement
therapy.

Self-reported
abstinence
assessed
weekly;
those
reporting 2
weeks of
abstinence
visited up to
three times
for
biochemical
verification
and delivery
of incentives
(twice during
weeks 2-6
and once at
week 8)

Intervention
condition 1:
Same as
control
condition plus
retail voucher
contingent on
biochemically-
verified
smoking
abstinence
(CO<7ppm)

Intervention
condition 2:
Same as
control
condition plus
retail product
worth same
amount as
voucher
contingent on
biochemically-
verified
smoking
abstinence

For both
intervention
conditions,
self-reported
abstinence
assessed
weekly; those
reporting 2
weeks of
abstinence
visited up to
three times for
biochemical
verification
and delivery

NZ $3.57
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Mean Incentive
Mean cigarettes condition
weeks per day ) maximum
gestation (CPD) at Intervention possible
Recruitment Study Number at study Control Incentive duration daily
Study Country setting design randomized baseline enrollment condition condition(s) (weeks) @ earnings b
of incentives
(twice during
weeks 2-6 and
once at week
8)
Heil 2008 | USA 4 obstetric 2arm 82 (5 Control: 9.5 | Control: 9.5 Usual care Same as 43.1 US $4.06
practices and RCT withdrawn for smoking control
the WIC due to cessation condition but
program in the pregnancy Intervention: | Intervention: | through vouchers
Burlington, termination/ | 8.9 7.9 obstetric contingent on
Vermont area fetal clinics, biochemically-
demise; 77 additional verified
included in cessation smoking
analysis) counselling abstinence
from study (urinary
staff at intake | cotinine <80
and end-of- ng/ml)
pregnancy
assessments,
and vouchers
delivered
independent
of smoking
status at
daily
abstinence
monitoring
visits for the
first 5 days
of week 1,
then twice
weekly
during weeks
2-8, once
weekly for
weeks 9-12,
and every
other week
until
delivery, then
returning to
once weekly
for 4 weeks
after
delivery, then
every other
week until
end of
postpartum
week 12
Higgins USA Obstetric 3arm 130 (12 Control: Control: 7.8 | Usual care Intervention 42 US $4.01
2014 practices and RCT € withdrawn 10.7 for smoking condition 1:
the WIC due to cessation Same as
program in the pregnancy Intervention | through control
Burlington, termination/ | Intervention | condition 1: obstetric condition but
Vermont area fetal condition 1: 8.7 clinics, vouchers
demise; 118 10.1 additional contingent on
included in cessation biochemically-
analysis) Intervention | counselling verified
Intervention | condition 2: | from study smoking
condition 2: 9.5 staff at 8 abstinence
10.0 visits (5 (urinary
antepartum, cotinine < 80
3 ng/ml)
postpartum),
and vouchers
delivered Intervention
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Mean Incentive
Mean cigarettes condition
weeks per day ) maximum
gestation (CPD) at Intervention possible
Recruitment Study Number at study Control Incentive duration daily
Study Country setting design randomized baseline enrollment condition condition(s) (weeks) @ earnings b
independent condition 2:
of smoking Same as
status using intervention
the same condition 1
abstinence but vouchers
monitoring contingent on
schedule as biochemically-
Heil 2008 verified
above smoking
abstinence
with potential
earnings
rescheduled
Higgins USA Obstetric 2arm 176 (7 Control: Control: 9.9 | Referral to Same as 39.6 Women
2022 practices in RCT withdrawn 111 state quitline control smoking
the due to (maximum of | condition plus <10
Burlington, pregnancy Intervention: | 9 brief phone | vouchers cigarettes
Vermont area termination/ | Intervention: | 9.0 calls (5 contingent on per day: US
fetal 12.4 antepartum, biochemically- $4.10
demise: 169 4 verified
included in postpartum) smoking
analysis) with quit abstinence Women
coach plus (urinary smoking
up to $65 in cotinine < 80 =10
incentives for | ng/ml) using cigarettes
completing the same per day: US
calls and abstinence $8.19
access to free | monitoring
nicotine schedule as
replacement Heil 2008
therapy) and
smoking
cessation
counselling
from study
staff at every
assessments
(2
antepartum,
6
postpartum)
Kurti USA Social media, 2arm 90 (2 Control: >10 CPD: Brief Same as 38.3 us $5.78
2022 obstetric RCT withdrawn 17.3 smoking control
clinics, and due to cessation condition plus
WIC offices pregnancy Control: counseling cash deposited
nationally termination/ | Intervention: | 60% by study staff | onto a debit
fetal 13.7 at three card
demise: 90 points during | contingent on
reported in Intervention: | pregnancy, biochemically-
analysis) 56% referral to verified
state quitline | smoking
(maximum of | abstinence
9 brief phone | (salivary
calls (5 cotinine < 30
antepartum, ng/ml)
postpartum)
and smoking | Abstinence
cessation assessed and
advice thatis | incentives
provided at delivered via a
their smartphone
obstetric app twice-
clinic. daily for the
first 5 days of
intervention
week 1,then
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Study

Country

Recruitment
setting

Study
design

Number
randomized

Mean
weeks
gestation
at
baseline

Mean
cigarettes
per day
(CPD) at
study
enrollment

Control
condition

Incentive
condition(s)

Intervention
duration

(weeks) @

Incentive
condition
maximum
possible
daily
earnings b

twice weekly
during
intervention
weeks 2-6,
once weekly
until delivery,
then returning
to twice
weekly for 4
weeks after
delivery, then
weekly until
the end of
postpartum
week 12

Ondersma
2012

USA

4 prenatal care
clinics in
Detroit,
Michigan

4 arm
pilot
rRcT 4

110

Weeks
gestation
>20 (%):

Control:
26.9%

Intervention
condition
1:26.9%

Intervention
condition 2:
50.0%

Intervention
condition 3:
26.7%

Control: 7.6

Intervention
condition 1:
7.6

Intervention
condition 2:
8.3

Intervention
condition 3:
8.3

Prev Med. Author manuscript; available in PMC 2024 November 01.

Treatment as
usual from
prenatal care
providers

Intervention
condition 1:
Same as
control
condition plus
interactive
computer-
delivered 5A’s

Intervention
condition 2:
Same as
control
condition plus
invitation to
participate in a
website-
guided
contingency
management
intervention,
“CM-Lite”,
with
biochemical
verification of
abstinence
(urinary
cotinine <100)

Intervention
condition 3:
Same as
control
condition plus
combination
of
interventions 1
and 2 (5A’s
plus CM Lite)

Participants
randomized to
intervention
conditions 2 &
3 had to ask
staff to assess
their smoking
status and
incentives
were delivered

10

US $3.57
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Mean Incentive
Mean cigarettes condition
weeks per day ) maximum
gestation (CPD) at Intervention possible
Recruitment Study Number at study Control Incentive duration daily
Study Country setting design randomized baseline enrollment condition condition(s) (weeks) @ earnings b
ona
maximum of
five occasions
at least one
week apart
over the 10-
week
intervention
period
Tappin UK Stop smoking 2arm 612 (3 Control: CPD not Offer of 1 Same as 25.7 GB £1.95
2015 services RCT withdrew 12.6 reported hour of face- control
serving consent: 609 to-face condition plus
maternity included in support, 4 retail vouchers
hospitals in analysis) Intervention: | FTCD: weekly contingent
Glasgow, 12.3 support calls, | primarily on
Scotland area and free biochemically-
Control: 5.3 | nicotine verified
replacement smoking
therapy for abstinence
Intervention: | 10 weeks (Co<10
4.9 ppm)
Abstinence
assessed and
incentives
delivered 4
and 12 weeks
after the quit
date and at a
random time-
point during
weeks 34-38
gestation
Tappin UK 7 stop 2arm 944 (3 Control: Control: <11 | Withdrawal- Same as 26.7 GB £1.87
2022 smoking RCT withdrew 113 =59.1% oriented control
services consent: 941 11-20 = therapy and condition plus
serving included in 35.6% offer of retail vouchers
maternity analysis) Intervention: | 21-30 = nicotine contingent
hospitals in 113 4.4% >30 = replacement primarily on
Great Britain 0.4% therapy with biochemically-
Intervention: | variety verified
<ll= across smoking
59.7% services in abstinence
terms of (Co<10
target ppm)
11-20 = population
35.0% (general
population or | Same
pregnancy abstinence
21-30 = specific), monitoring
4.7% intervention schedule as
type Tappin 2015
(smoking
>30 = 0.4% only or
general
health
promotion),

Prev Med. Author manuscript; available in PMC 2024 November 01.

intervention
format (stop
smoking
advisers with
and without
midwifery/nu
rsing
backgrounds)
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Mean Incentive
Mean cigarettes condition
weeks per day ) maximum
gestation (CPD) at Intervention possible
Recruitment Study Number at study Control Incentive duration daily
Study Country setting design randomized baseline enrollment condition condition(s) (weeks) @ earnings b
and other
factors
Tuten USA Patients 3arm 102 Control: Control: Information Intervention 12 US $10.70
2012 receiving feasibility 17.6 17.9 about the condition 1:
methadone for | reT @ adverse Same as
the treatment effects of control
of opioid use Intervention | Intervention | cigarette condition plus
disorder at a condition 1: condition 1: smoking for vouchers
comprehensive 16.9 17.1 the mother contingent on
treatment and the biochemically-
program for infant and verified
pregnant Intervention Intervention | educational smoking
women in condition 2: condition 2: materials abstinence
Baltimore, 14.9 19.1 about risks of | (CO <4 ppm)
Maryland smoking
during Intervention
pregnancy at condition 2:
the first Same as
prenatal care control
appointment, | condition plus
brief vouchers
Motivational earned
Interviewing- | independent of
style smoking status
feedback
session, and For both
asked about intervention
smoking at conditions,
subsequent abstinence
obstetric assessed, and
visits and incentives
commended delivered
for efforts to thrice weekly
abstain for 12 weeks

Note. FTCD = Fagerstrom Test for Cigarette Dependence.

a . . . . L
For interventions that commence antepartum and end postpartum, intervention duration is calculated as the average pregnancy length (40 weeks)

minus the mean weeks gestational age of participants at baseline, plus the number of weeks of the intervention postpartum.

Maximum possible daily earnings for abstinence from smoking calculated as the maximum possible earnings during the intervention period
divided by the number of days in the intervention period.

For Berlin 2021 the quit date occurred within 15 days of randomization and for the purpose of maximum daily incentive calculation, the

intervention duration is assumed to be the maximum possible intervention period (5 months).

For Donatelle 2000b, Ondersma 2012 and Tuten 2012, only the arm including contingent incentives alone was included in the meta-analysis for
comparison with control.

e . - . . N . . . . . -
Following Cochrane recommended guidelines for including studies with multiple arms in a meta-analysis [1]: Glover 2015 intervention conditions

1 (voucher incentive) and 2 (product incentive) collapsed into one condition for comparison with control; Higgins 2014 intervention conditions 1
(usual incentive schedule) and 2 (revised incentive schedule) collapsed into one condition for comparison with control.

Prev Med. Author manuscript; available in PMC 2024 November 01.
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