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Abstract

Background

Smoking during pregnancy is the leading modifiable risk factor for poor
maternal and infant health outcomes. Pregnancy-related health problems
associated with smoking during pregnancy include complications during
labour, increased risk of miscarriage, premature birth, stillbirth and low
birthweight. Despite this, around 12% of pregnant women in the United
Kingdom (UK), 13% in the United States and 20% in France continue to
smoke during pregnancy. A Cochrane review of 136 studies found that
nicotine replacement Therapy (NRT) is proven to be effective amongst non-
pregnant smokers, however a Cochrane review of eight studies found its
efficacy in pregnancy to be uncertain. It is unclear whether we can ascertain
a conclusion from this review as it may be subject to error due to repetitive
testing, furthermore there may be insufficient power in the meta-analyses.
Trial Sequential Analysis (TSA) is a method which could overcome these
issues. This thesis provides an overview of TSA and applies the method to
a systematic review of NRT use in pregnancy. This thesis also presents an

alternative use for TSA, where it can be used for trial sample size estimation.

In most studies investigating NRT use for smoking cessation in pregnancy,
women are instructed to discontinue use of nicotine patches if they have
even brief smoking lapses. This is due to concerns that concomitant smoking
and NRT use could increase exposure to nicotine and potentially more
tobacco smoke toxins if they smoke heavily when using NRT. In 2014, the
‘Study of Nicotine Patch in Pregnancy’ (SNIPP) trial, a large randomised
controlled trial (RCT) investigating NRT used in pregnancy for smoking
cessation reported that it did not increase either smoking cessation rates or

birth weights. This study was unique as participants were told that they



could continue using nicotine patches during smoking lapses. Using data
from this trial, this thesis aims to explore whether concurrent smoking and
NRT use resulted in changes in nicotine intake as well as smoking behaviour.
This thesis also uses this trial to explore whether NRT use and changes in
expired air carbon monoxide throughout pregnancy have an impact on

birthweight.

Methods

Systematic review and meta-analysis

To determine the efficacy and safety of NRT for smoking cessation in later
preghancy, systematic review methods were used following standard
Cochrane methods. The primary outcome was smoking cessation at the
latest time point in pregnancy at which this was measured, and secondary
outcomes were safety related. Meta-analyses were conducted where

appropriate.

Trial Sequential Analysis

Trial sequential analysis was used to investigate whether there is sufficient
evidence available to come to a firm conclusion on the efficacy of nicotine
replacement therapy in pregnancy. Trial Sequential Analysis is a
methodology that can be used in systematic reviews and meta-analyses to
control random errors, and to assess whether further trials need to be
conducted. We employ this method to the data from the systematic review,
to assess whether there is sufficient evidence to conclude a clinically

important treatment effect, no evidence of an effect, or lack of evidence.

This thesis goes on to explain an alternative use for Trial Sequential
Analysis, where it can be used to estimate trial sample sizes for one or more
trials investigating a behavioural smoking cessation intervention. We show
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how data from a new, planned trial can be combined with data from the
earlier trials using Trial Sequential Analysis to assess the intervention’s
effects. Using feasibility and pilot trials of a behavioural smoking cessation
intervention, data are combined to estimate the sample size that one or
more future RCTs would need to recruit, to provide a more decisive answer

regarding intervention benefit.

Analysis of the SNIPP trial

The final study in this thesis used data from 402 women recruited to the
SNIPP trial. Paired t-tests, linear regression, interaction tests, and within-
individual variability analysis techniques were employed to answer the
following questions: (1) does concurrent smoking and NRT use result in
changes in nicotine, and other indicators of smoking intensity?; (2) do these

changes differ between NRT or placebo patch use?.

Results

Systematic review and meta-analysis

Compared to placebo and non-placebo controls, there was low-certainty
evidence that NRT increased the likelihood of smoking abstinence in later
pregnancy (RR 1.37, 95% CI 1.08 to 1.74; 12 = 34%, 9 studies, 2336
women). There was unclear evidence of an effect in placebo-controlled RCTs
(RR 1.21, 95% CI 0.95 to 1.55; 12 = 0%, 6 studies, 2063 women), whereas
non-placebo-controlled trials showed clearer evidence of a benefit (RR 8.55,

95% CI 2.05 to 35.71; 12 = 0%, 3 studies, 273 women).

Trial Sequential Analysis

The meta-analysis was not adequately powered to provide a strong

conclusion, and TSA estimates that further placebo-controlled trials with
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approximately 10,741 participants in total are needed to arrive at a firm

conclusion.

Analysis of the SNIPP trial

(1) In the nicotine patch group, there was no change in saliva cotinine
concentrations between baseline and 2-weeks post quit date (ratio of
geometric means = 0.94, 95% CI=0.83 to 1.07; p=0.37, Bayes
factor=0.15). However, there was a reduction in reported number of daily
cigarettes smoked (mean difference -6, 95% ClI’s -7 to -5, p<0.001) and in
CO concentrations (mean difference -3.0ppm, 95% CI's -4.2 to -1.9,
p<0.001). (2) These changes were not significantly different from changes
in the placebo group except for cigarette consumption which reduced more

in the placebo group (p=0.046).

Conclusions

e NRT used for smoking cessation in pregnancy may increase smoking
cessation rates in late pregnancy. However, this evidence is of low
certainty, as the effect was not evident when potentially biased, non-
placebo-controlled RCTs were excluded from the analysis.

e According to TSA, there is uncertainty regarding the efficacy of NRT
use for smoking cessation during pregnancy compared to control,
and further placebo-controlled trials are needed to arrive at a firm
conclusion.

e Although TSA suggests more research is required for a firm
conclusion, the general trend appears that NRT as it has previously
been trialled, may not be effective for smoking cessation in pregnant
women. Further trials should focus on what can be done differently
in future. For example, using higher dose NRT or encouraging better
adherence to treatment may produce more positive outcomes.
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Our findings suggest that when pregnant women use nicotine
patches as part of a quit attempt, but they also smoke, they smoke
less than they did before the quit attempt started. This means that
their exposure to the toxic products of burnt tobacco is reduced.

Despite having similar cotinine exposure to that from cigarette
smoking, pregnant women who use nicotine patches and smoke,
smoke less and exhale less CO, so their exposure to other tobacco

smoke toxins is likely to be lower too.
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1.1 Smoking during pregnancy

The World Health Organisation (WHO) reports that approximately eight
million deaths annually are caused by tobacco (1), and without further
intervention tobacco could kill up to one billion people worldwide by the end
of the century (2). All forms of tobacco are harmful and cigarette smoking

is the most common form of tobacco use worldwide (1).

Smoking during pregnancy is a significant public health issue globally and
is one of the leading preventable causes of poor health outcomes for
mothers and their babies. Smoking tobacco during pregnancy exposes
pregnant women to carcinogens, high concentrations of carbon monoxide
(CO), nicotine and a multitude of other chemicals and heavy metals. The
significant harms associated with smoking on both the mother and
developing foetus, mean that smoking cessation and prolonged abstinence
in pregnancy is critical for improving birth outcomes. In the following
sections, the prevalence and harms of smoking in pregnancy will be

discussed.

1.1.1 Epidemiology of smoking during pregnancy

It is estimated that 29 of 174 countries worldwide have a prevalence of
smoking during pregnancy greater than 10%, and 12 countries have a
prevalence of greater than 20% (3). The three countries with the highest
prevalence of smoking are Ireland (38%), Uruguay (30%), and Bulgaria
(29%) (3). Since the 1980’s, high-income countries such as the
Netherlands, Canada and Scotland have seen a decline in the prevalence of
smoking in pregnancy from between 20% and 35% in the 1980s to below

10% in 2010 (4-6).
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In England, the rates of smoking in pregnancy in England have been on the
decline over the last 10 years (Figure 1). In 2006/07, smoking at time of
delivery rates were 15.1%, and in 2011, the Tobacco Control Plan set an
ambition to reduce smoking rates throughout pregnancy to 11% or less by
the end of 2015 (7). This ambition was fulfilled in 2015/16 when smoking
at the time of delivery rates declined to 10.6% (8). Whilst this decline is
positive, recent data has shown that this rate has stagnated at 10.5% for

2016/17, with concerning variations by area (8).

16
14

12

10

X 8
6
e Known smokers
4
= = = 2011 National
2 ambition
0
N O Q N J > ™ \2) © A
& 6\\Q 0°°\Q 0°’\\/ \9\\/ \,'\’\\/ 'Q’\\/ '\?’\\/ '\,“\\/ '\‘f’\\/ '\‘9\\/
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Figure 1 Women known to be smokers at time of delivery by year (8).

Smoking in pregnancy rates vary vastly throughout the UK, with NHS West
London and NHS Richmond the Clinical Commissioning Groups (CCGs)
having the lowest rates in the UK with rates of 2.3% and 2.5% for 2016/17
respectively (8). In contrast, the CCGs with the highest proportion of
pregnant smokers were NHS Blackpool (28.1%) and NHS Hull (22.9%) -

over 10% the national ambition (8). Less than half (104 of 209) of the CCGs
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met the national ambition of reaching smoking during pregnancy rates of
11% or less, an increase of one from the previous year (8). Furthermore,
all CCGs in the London commissioning region achieved the national
ambition, whereas none of the 11 CCGs in the Cumbria and North-East
commissioning region achieved this (Figure 2). As a result of the rates of
smoking during pregnancy remaining stagnant over the last 2 years, and
the disparity of rates throughout the UK, the latest tobacco control plan has
made it an ambition to reduce the prevalence of smoking in pregnancy to

6% or less by the end of 2022 (9).

Above national ambition

Meets national ambition

London

Figure 2 Women known to be smokers at time of delivery by CCG,
compared with the national ambition (8).

1.1.2 Harms related to smoking during pregnancy

Smoking during pregnancy can cause a number of issues for both expectant

mothers and their babies. Smoking during pregnancy is the leading
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preventable cause of stillbirth, and babies that are born to mothers who
smoke have a greater chance of being born underdeveloped or in poor

health (9).

The rate of stillbirths in England and Wales in 2016, was the lowest it had
been since 1992, at a rate of 4.4 stillbirths per 1000 total births (10). The
UK’s annual rate of reduction has been approximately 1.4% per year since
2000, however this is ranked 24t of 49 high income countries, and is small
compared to the annual rate of reduction in the Netherlands and Poland
(6.8% and 4.5% respectively) (11). Several studies have shown that
smoking in pregnancy can increase the risk of stillbirth by approximately

30-50% (12-14).

As well as increasing the risk of stillbirth, smoking during pregnancy is also
associated with increased perinatal and neonatal deaths (13), and a
systematic review found that smoking increases the risk of miscarriage by
approximately one quarter (15). A significant reduction in birthweight is also
associated with smoking during pregnancy, this is most commonly defined
as babies born <2,500g at =37 weeks gestation. Babies that are born to
women who smoke through pregnancy weigh an average of 250g less than
those from non-smoking mothers (16). Low birthweight is a risk factor for
stillbirth, but is also associated to complications in later life, such as an
increased risk of diabetes and cardiovascular disease (17). Smoking can
also lead to babies being born small for gestational age (SGA). This is
defined as a baby being born with a weight less than the standardised
average for a given gestation. Smoking is considered to have a causal
relationship with intra-uterine growth restriction (IUGR) and this affects the

birth weight regardless of gestation (18).
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Some studies have found that smoking during pregnancy can double the
risk of preterm birth (19, 20), and is also now the principal risk factor for
sudden infant death syndrome (SIDS) (21). SIDS is defined as the
unexplained, sudden death of a child within the first year of life, and a meta-
analysis found that prenatal smoking increased the risk of SIDS by 3 times
(OR 2.94, 95% CI: 2.58-3.36) (16, 22). Associations have also been found
with congenital abnormalities (such as orofacial clefts and musculoskeletal

defects) and behavioural problems in later life (23, 24).

Smoking during pregnancy not only affects the baby, but also has a direct
impact on the mother. Smoking is the leading preventable cause of
morbidity and mortality, where approximately half of all smokers will die
from a smoking related cause (25). Smoking prevalence amongst younger
pregnant women and those in disadvantaged groups is considerably higher
than older, more affluent women. Mothers in routine and manual
occupations are 5 times more likely to have smoked during pregnancy, than
women in managerial and professional occupations (26). Due to this
disparity in prevalence rates, disadvantaged socioeconomic groups have
higher rates of stillbirth, premature birth and low birthweight (16). Children
that are born and grow up with a smoking parent, are more likely to become
a smoker themselves, which continues the cycle of inequality (27). Smoking
in pregnancy is a leading cause of health inequality and it is estimated to
account for 38% of the inequality in stillbirth and 31% of the inequality in

infant deaths (28).

1.1.3 Benefits of smoking cessation in pregnancy

Women are more likely to make an attempt at stopping smoking in
pregnancy than at any other time in their lives. Despite this, 10.5% of

women continue to smoke during pregnancy (29). It is estimated that
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between 47% and 63% of women that do manage to quit during pregnancy,

relapse to smoking within 6 months of delivery (30).

There are a number of benefits to both mother and child, if the mother quits
smoking before pregnancy. A large population-based cohort study in Finland
found that women who quit smoking in the first trimester of pregnancy had
equal rates of stillbirth and preterm birth as non-smokers, and the
prevalence of low birthweight and SGA outcomes were close to those of non-
smokers (31). Smokers are approximately 4 times more likely to quit
smoking if they use a stop smoking service (32). However, the number of
preghant women accessing specialist stop smoking services can be poor,
with rates of engagement to these services as low as 12% of pregnant

women who smoke (33).

1.2 Smoking cessation during pregnancy

Quitting smoking can reduce harm to pregnant mothers, their babies and
members of their household. The following section will describe influences
on smoking cessation in pregnancy and effective interventions that can be

used to help pregnant women to stop smoking.

1.2.1 Influences on smoking cessation

An important factor for women to stop smoking is the realisation of their
pregnhancy. Smoking cessation rates are 3 times greater during the year of
pregnancy (34), though few women quit smoking after the first trimester
(35). This increase in cessation rate during pregnancy is likely to be because
preghant women are more likely to recognise the risks they pose to both
the foetus and themselves, which can provoke a strong emotional response,

motivating them to quit (36).
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Smoking duration and age are both factors that have been associated with
an increased number of quit attempts in pregnancy (37), whereas
multiparity, increased nicotine dependence and having a partner that
smokes are all factors that have been inversely associated with cessation
(38). In addition, surveys have found that pregnant women with lower
education and socioeconomic levels have decreased chances of cessation,
whereas pregnant women who had a partner that did not smoke, started
smoking when they were older, smoked fewer cigarettes or were

primiparous were more likely to stop smoking (39).

1.2.2 Psychosocial interventions

Psychosocial interventions are defined as non-pharmacological strategies
that use cognitive-behavioural, motivational and supportive therapies to
help women to quit smoking, including counselling, health education,
feedback, financial incentives, social support, and exercise (40). A Cochrane
review, that included 120 RCTs and quasi-randomised studies, of
psychosocial interventions for supporting women to stop smoking in
pregnancy found that counselling interventions had a clear effect on
cessation compared with usual care (RR: 1.44, 95% Confidence Interval
[CI]: 1.19-1.73) and financial interventions also appeared to have a clear
effect compared with an alternative, non-contingent incentive, intervention
(RR: 2.36, 95% CI: 1.36-4.09) (40). Interventions that provided feedback
with information about the foetal health status or measurements of by-
products of tobacco smoking, also had a clear effect when compared with
usual care and when combined with counselling (RR: 4.39, 95% CI: 1.89-
10.21) (40). Health education (RR: 1.59, 95% CI: 0.99-2.55) and social
support (RR: 1.21, 95% CI: 0.93-1.58) however, do not have a significant

effect in stopping women from smoking during pregnancy (40). An
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important factor for the use of psychosocial interventions during pregnancy

is that there are no adverse outcomes associated with them (40).

1.2.3 Pharmacological interventions

Whilst some psychosocial interventions are successful in aiding pregnant
women from stopping smoking, these interventions do not address nicotine
addiction directly (41). Heavier smokers may require pharmacological
treatments that substitute the nicotine delivery from smoking, to address

addiction and metabolism of nicotine.

Pharmacological interventions that can help smokers quit include, nicotine
replacement therapy (NRT), bupropion, varenicline or e-cigarettes (42).
Whilst varenicline and bupropion have been successfully used for smoking
cessation in the general population (43), there are currently no trials
investigating varenicline in pregnancy, and the one trial investigating
bupropion had recruitment issues and was only able to randomise 11 women
(44). The lack of trials investigating varenicline and bupropion for smoking
cessation during pregnancy is because there are currently no clinical
guidelines that recommend their use, due to limited evidence for their safety
during pregnancy (45). Additionally, use of bupropion and varenicline could
expose the foetus to additional toxins found within these drugs, which is
one reason why the study investigating bupropion struggled with

recruitment (44).

A systematic review of electronic cigarettes for smoking cessation in the
general population found evidence that e-cigarettes may work better than
NRT (46). As yet, there are no published results investigating e-cigarette
use to aid smoking cessation during pregnancy. However, both the WHO
and Centers for Disease Control and Prevention advise that there is

insufficient evidence to recommend e-cigarettes for smoking cessation in
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adults, including pregnant women (47, 48). NRT is the most extensively
studied pharmacological intervention for smoking cessation during

pregnancy.

1.3 Nicotine Replacement Therapy

NRT is available in a variety of different forms including, transdermal
patches, gum, spray and lozenges. Nicotine delivered by the gum, spray
and lozenges offer brief, short-term doses of nicotine, whereas the patch
acts over a longer-term (49). NRT works by substituting the nicotine inhaled
in cigarette smoke with a medicinal form of nicotine. By using NRT, the
toxins inhaled in cigarette smoke are avoided, whilst also relieving the

withdrawal symptoms experienced when stopping smoking (49).

A Cochrane review of pharmacological interventions for smoking cessation
included 9 studies in the review (50). This review identified the bupropion
study discussed earlier, and 8 trials investigating NRT use for smoking
cessation during pregnancy. The analysis of NRT in this review included a
total of 2,199 pregnant smokers from 5 placebo-controlled studies (51-55),
and 3 non-placebo-controlled studies (56-58), and found a borderline
significant result for NRT used in pregnancy increasing smoking cessation
rates by approximately 40% (RR: 1.41, 95% CI: 1.03-1.93) (59). However,
a sub-group analysis of only placebo-controlled trials found that NRT was
borderline not significantly effective in stopping women smoking during
pregnancy (RR 1.28, 95% CI: 0.99-1.66) (50). The results from the
Cochrane review show a clear disparity between the efficacy of NRT in the

general population and the efficacy in pregnancy.

There could be a number of reasons for why there is a disparity between
the efficacy of NRT in the general population and pregnancy. However,

limited research about the factors that might influence pregnant women to
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stop smoking when using NRT for cessation attempts has been conducted.
One study found that women who were better educated had higher odds of
stopping smoking at both one month into pregnancy and at delivery (60).
Conversely, women who had higher baseline cotinine levels were inversely
associated with cessation at both one month and at delivery (60).
Adherence to NRT during pregnancy could be a potential factor to account

for when determining the efficacy of NRT in pregnancy.

1.3.1 Adherence to NRT

In the general population, greater adherence with NRT has been found to
be associated with increased odds of achieving cessation (49). Adherence
to NRT in non-pregnant smokers appears to be high, with one study finding
that 94% of smokers in a trial used NRT throughout their treatment period
(61). By contrast, a Cochrane review found that only 7%-48% of pregnant
women who received NRT, reported that they had completed a full course
(50). Non-adherence of NRT for the prescribed period during pregnancy may
restrict the efficacy of NRT (62). Adherence may affect the assessment of
the efficacy and safety of NRT. Therefore, it is important to understand the

causes of non-adherence and account for these in subsequent analyses.

The reasons for low adherence to NRT amongst pregnant smokers could be
partially due to women’s perceptions about the use of NRT and concerns
that there could be potential foetal harms from nicotine (63). Another
reason for low adherence could be due to an increase in nicotine metabolism
during pregnancy (64). Pregnant women that smoke may not receive a high
enough dose of nicotine from NRT to alleviate their cravings, therefore they

may be unlikely to continue with the prescribed course.

Evidence suggests that, in the general population, increased adherence with

NRT is associated with longer term smoking cessation. There is no such
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evidence from studies in conducted in pregnancy. It is important to
understand the possible causes of non-adherence with NRT in pregnancy,
as well as the characteristics of pregnant women who are predominantly
adherent. Future analyses should also investigate whether adherence to

NRT in pregnancy is associated with smoking cessation.

1.3.2 Metabolism of Nicotine

Low adherence to NRT during pregnancy could be due to an increase in
nicotine metabolism. Nicotine is primarily metabolized by the hepatic
cytochrome CYP2A6 enzyme, with approximately 70-80% of nicotine
metabolised via this pathway (65). The primary metabolite of nicotine is
cotinine, which is then primarily metabolised to trans-3’-hydroxycotinine
(3HC) (66). Measuring the ratio of nicotine to cotinine, or cotinine to 3HC is
a way of measuring CYP2A6 activity, and both measurements are an
indicator of nicotine metabolic rate (NMR) (66). Nicotine has a short half-
life, whereas cotinine has longer, more stable half-life, meaning the
measurement of cotinine to 3HC ratio is preferred (66). The cotinine to 3HC
ratio can be ascertained effectively using saliva, blood or urine samples

(67).

Changes in nicotine metabolism during pregnancy is a potential reason for
non-adherence or reduced adherence to NRT. A combination of increased
metabolic enzymes such as the CYP2A6 enzyme and increased liver blood
flow are potential factors responsible for alterations of nicotine metabolism
in pregnancy (68). One study found that clearance of nicotine and cotinine
was 60% and 140% higher respectively, during pregnancy (69). This
increase in NMR in pregnancy may mean that the fixed amount of nicotine
derived from adhering to NRT might not be enough to suppress craving and
withdrawal symptoms (69). It is important to ascertain whether current

doses of NRT prescribed are sufficient enough to alleviate withdrawal
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symptoms in pregnant women, and future studies should investigate
differences between cotinine levels before pregnancy when smoking and

during when using NRT.
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Chapter 2:

Aim and objectives
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2.1 Aims

This thesis investigates the efficacy, safety and impacts on smoking
intensity of Nicotine Replacement Therapy used for smoking cessation in
pregnancy. As mentioned in Section 1.3, the last systematic review
assessing the safety and efficacy of NRT was conducted in 2015 (59). This
review found that NRT could be effective for smoking cessation in pregnancy
(RR: 1.41, 95% CI: 1.03-1.93) (59). Since this review, a number of new
studies may have been performed, therefore an update to this review is
justified. Furthermore, it is unknown whether this meta-analysis is
sufficiently powered to arise at a firm conclusion regarding the efficacy and
safety of NRT for smoking cessation in pregnancy. If the meta-analysis is
underpowered, it is unknown how many more studies are required to be
able to come to a strong conclusion. To overcome this, a relatively new
statistical methodology called Trial Sequential Analysis is introduced in this
thesis. This method is appraised and there is a demonstration of how this
can be utilised for planning trials in the context of smoking cessation
interventions in pregnancy; as well as for supplementing meta-analysis in
summarising data of existing trials of NRT for smoking cessation in

pregnancy.

The overall aim is to investigate ways in which NRT use in preghancy might
be changed such that it has greater potential to be effective. These aims

were investigated through objectives detailed below.

2.2 Objectives

I. To use conventional systematic review and meta-analysis to

determine the efficacy and safety of NRT used during pregnancy for
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I1.

ITI.

IV.

smoking cessation in later pregnancy and after childbirth (Chapter
5).

To describe the limitations of meta-analysis and demonstrate how
trial sequential analysis methodology can be used to supplement the
findings of meta-analysis (Chapter 3).

To determine whether there is sufficient information in the meta-
analyses presented for I above regarding the efficacy and safety of
NRT for smoking cessation in later pregnancy (Chapter 6).

To demonstrate how trial sequential analysis can alternatively be
utilised to calculate trial sample size, using results from feasibility
and pilot studies (Chapter 4).

To use the SNIPP trial to investigate the differences in indicators of
smoking intensity in pregnant women when smoking before using

NRT, and when using NRT and smoking concurrently (Chapter 7).
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Chapter 3:

Trial Sequential Analysis
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3.1 Introduction

Systematic reviews and meta-analysis of randomised controlled trials
(RCTs) are considered top of the hierarchy of evidence for decision making
related to therapeutic interventions. To keep the evidence for decision
making up to date, then systematic reviews, hence meta-analyses, require
updating on a regular basis. However, the addition of data from more recent
trials to the existing meta-analysis leads to significance testing being
repeated, this increases the risk of random error and false-positive results.
Trial Sequential Analysis (TSA) is a relatively new statistical method that

has been developed to address these issues.

3.2 Aim

This chapter aims to discuss a background of reviews and meta-analysis,
addressing biases and potential pitfalls of conducting a meta-analysis. This
chapter will also discuss TSA and how this method can be used to
supplement the findings of the meta-analysis. Additionally, criticisms of TSA
will be addressed and the different types of outcome of TSA will also be

discussed, using examples.

3.3 Combining sources of evidence

Healthcare decisions for both public policy and individual patients ought to
be informed by the latest and best available research evidence (70).
However, this can be challenging since there is a plethora of information
available. In 2006, it is estimated that approximately 1,350,000 articles
were published in over 24,000 peer-reviewed journals, and this number has
been increasing year on year since (71, 72). This information can be found
in both print and electronic media, from different countries and in a diverse

range of languages. Furthermore the large amounts of information
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generated by individual studies may be biased, methodologically flawed and
can achieve conflicting results (73). It is unlikely that healthcare providers
and policy-makers have the time, skills and resources to search, appraise
and interpret this evidence, and then incorporate this into healthcare

decisions (74).

3.3.1 Narrative review

Narrative reviews are the more traditional type of review found in medical
literature, where experts summarise the evidence in their field from a
theoretical or contextual standpoint (75). Narrative reviews provide readers

with up-to-date information about a specific topic or theme.

The goal of a narrative review is to present an argument based on existing
information aimed at an expert audience (77). Authors of narrative reviews
must represent the evidence underpinning their argument (including but not
limited to primary research), and demonstrate how the evidence has been
collated to inform the reviews conclusions (77). Whilst traditional narrative
reviews can be useful, the validity of a review depends on its methodological
quality (75). Authors of narrative reviews may use subjective methods to
collect and interpret data, and there is potential for authors to be selective

in citing reports that support their ideas (76).

Narrative reviews are still commonly found in medical literature, but due to
narrative reviews’ risk of bias, systematic reviews are preferred for decision
making (78). Systematic reviews involve the application of scientific
strategies, in ways that limit bias, to the assembly, critical appraisal, and
synthesis of all relevant studies that address a specific research question

(78).
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3.3.2 Systematic review

Systematic reviews are overviews of literature, undertaken by identifying,
critically appraising and synthesising results of primary research studies
using a strict, methodological approach, to answer a specific research
question, thus making the available evidence more accessible to policy
makers (79). This is done by framing a research question and then collating
all empirical evidence that matches pre-defined inclusion criteria, which are
set to answer the specific research question. Systematic reviews are based
on strict, pre-specified, reproducible methods that aim to minimise bias,
providing a greater reliability of findings (74). When conducted well, they
can provide reliable estimates about intervention effects with defensible

conclusions (80).

Systematic reviews are considered the pinnacle of evidence in the traditional
hierarchy of evidence (81). This is because the specific methods in
systematic reviews (Figure 3), limit bias and improve reliability and
accuracy of conclusions (79). Systematic reviews can also be used to
establish whether findings are consistent and generalizable across
populations, settings and treatment variations (79). Where suitable,
combining the results of several individual studies in a systematic review
using statistical methods gives a more reliable and precise estimate of an
intervention’s effect than results from a single RCT, this is called meta-

analysis (82).
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State objectives of the systematic review of RCTs and outline
eligibility criteria

Search for trials that seem to meet eligibility criteria

Tabulate characteristics of each trial identified and assess its
methodological gualit

Apply eligibility criteria, and justify any exclsuions

Assemble the most complete dataset feasible, with assistance
from investigators, if

Analyse results of eligible RCTs, using statistical synthesis of data
meta-analysis) if appropriate and possible

Compare alternative analyses if appropriate and possible

Prepare a critical summary of the review, stating aims, describing

materials and methods, and reporting results

Figure 3 Methodology for a systematic review of randomised controlled
trials.

3.4 Meta-analysis

Meta-analysis is the use of statistical methods to summarize the results of
independent studies (82). A meta-analysis may be conducted following a
systematic review, by pooling quantitative data from individual studies, and
reanalysing them using recognised statistical methods (75). By combining
the data from individual studies in a meta-analysis the overall sample size
is increased, leading to a greater statistical power as well as more precision

of the estimates of treatment effects (75).

Meta-analysis typically involves two stages, where the first stage calculates
a measure of treatment effect with 95% confidence intervals for individual
studies (83). The second stage of meta-analysis estimates an overall
intervention effect as a weighted average of the individual summary
statistics. When calculating this overall intervention effect, studies are

weighted based on level of heterogeneity and the standard error of the
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study, which takes into account the sample size and for dichotomous

outcomes, the event rate in the two intervention groups (83).

Systematic review and meta-analysis are regarded as the most reliable
sources of evidence as to whether an intervention should implemented into
practice or further trials should be performed (84). Interventions are often
recommended in clinical guidelines and implemented in clinical practice
based on a meta-analysis showing statistical significance (P<0.05) (85).
Additionally, meta-analyses published in the Cochrane Library are 57%
more likely to be updated when they do not demonstrate statistical
significance (P = 0.05) compared to those which do (P < 0.05), indicating
that meta-analyses with statistically significant findings at the 5% level (P
< 0.05) contribute to the decision to refrain from the updating of meta-

analyses (86).

The findings included in a meta-analysis are typically presented in a forest
plot, where an intervention effect size and 95% confidence interval is given
for each study included (Figure 4). Each study is presented by a line and a
solid square, where the lines represent the confidence intervals. The solid
square represents the effect size for that individual study, and the area of
the square is proportional to the study’s weight in the meta-analysis. In
meta-analysis, if all studies included were identical in terms of the methods
and sample sizes used, one could simply calculate the mean of the effect
sizes (87). However, it is rare to find all studies in a meta-analysis to be
identical, therefore more weight is assigned to studies that carry more
information and a weighted mean of the intervention effect is calculated.
The pooled intervention effect and its 95% confidence interval are
represented at the bottom of the forest plot by a diamond, where the lateral
points indicate the confidence intervals for the estimate of the intervention

effect.

42



Non Ki Odds Ratio Odds Ratio

Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
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Heterogeneity: Chi*=11.51, df= 6 (P = 0.07); = 48%

Test for overall effect: Z=2.32 (P=0.02) 0:04 04 1 10 100

Figure 4 Example forest plot of smoking status and COVID-19 severity (88)

3.4.1 Fixed-effects and random-effects models in meta-analysis

The fixed-effect and random-effects models are two commonly used models
used in meta-analysis. These models make different assumptions about the
nature of studies included, and thus lead to differing methods for assigning

weights (87).

The fixed-effect model assumes that the true intervention effect size is the
same across all studies, and the pooled estimate of effect is an estimate of
this common intervention effect size (87). Therefore, it is assumed that the
sole reason the intervention effect size differs between studies is due to
sampling error (chance). The weighting typically used in this model is based
on the inverse variance of the individual studies, thereby assigning less
weight to smaller studies. A limitation of this model is that a meta-analysis
which only includes one large study and several relatively small sized studies
would give the vast majority of the weight to the large study (87); thus the
result for the meta-analysis would be very similar to the result of the large
study. The fixed-effect model assumes that studies are identical in design

and population and hence there is little variation between them; however,

43



this assumption may not be true for many systematic reviews of healthcare
interventions. When studies are included in a systematic review, the
inclusion criteria set means that studies are similar enough so that a single
estimate of the intervention can be determined. However, this does not
mean that all of these studies have to be identical, in the sense that the

true intervention effect size is exactly the same for all studies (87).

Systematic reviews addressing a clinical question draw together several
studies. Whilst these studies are only included if they match set inclusion
criteria, it is inevitable that there will be some element of diversity between
studies. Studies may differ in design, participants, interventions exposures
or outcomes; this is called heterogeneity (89). The random-effects model
assumes that the true intervention effect varies between each study, and
the studies included in the meta-analysis represent a random sample of all
of the potential intervention effects that could have been observed in
individual studies, thus the pooled intervention effect is an estimate of the
mean of the effects (87). In the random-effects model, heterogeneity is
modelled within the weightings, so that the weights assigned to each study
is a combination of both the standard error of the individual study and an
estimate of heterogeneity between studies. The effect of this is that as the
estimate for heterogeneity increases, the weights will be more evenly
distributed between the studies - i.e. smaller studies are given more relative

weight, and larger studies are given less relative weight (87).

3.4.2 Cumulative meta-analysis

In 1992, Lau et al. (90) developed a new technique for updating meta-
analyses whenever a new study is published, thus enabling the evaluation
of the pooled intervention effect as a continuum. This is known as

cumulative meta-analysis. The advantage of this method over conventional
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meta-analysis is that by updating a meta-analysis routinely, the benefit or
harm of an intervention can be identified as early as possible (90).
Alternatively it can be used to justify commencement of new trials, or to

question whether further trials should be carried out (91).

3.4.3 Publication bias in meta-analysis

The intention of a meta-analysis is to summarise the intervention effects
from all available studies; however, this may not be possible; for example,
where some studies are not identified from literature searching. Electronic
databases such as MEDLINE and PUBMED do not contain all medical journal
papers, and solely searching these would be insufficient to capture all
studies addressing a specific research question. Furthermore, studies are
less likely to be published if the intervention effect was not statistically

significant, this is known as publication bias (92).

3.4.4 Random error in meta-analysis

The result from a meta-analysis is usually deemed positive or negative
based on a test statistic, communicated with a p-value or confidence interval
(93). Meta-analyses can sometimes yield false-positive (type I error) or
false negative (type II error) results (94). Type I errors occur when chance
(random error) is the cause of a positive meta-analysis result, rather than
due to a ‘true’ intervention effect. Conversely, some negative meta-analytic
results may be due to lack of statistical power and precision, yielding a type

IT error (94).

Meta-analysis methods do not consider the amount of the available evidence
in relation to the required sample size (86, 95, 96). The reliability of a
statistically significant intervention effect generated by meta-analysis is

often overvalued, particularly where sparse data (e.g. number of events and
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participants) or repetitive analyses (type I errors) are seen (74, 93, 97, 98).
In meta-analyses with many study participants and studies with similar
findings, test statistics and intervention effect estimates will tend to
converge towards the true intervention effect (93). Figure 5(A) and (B)
demonstrate examples of convergence in test statistics. In both figures,
interpretation of statistical significance are inaccurate in early studies, but
eventually converge toward the ‘true’ side of statistical significance as

subsequent studies are included (93).
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Number of trials
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Number of trials

Figure 5 Examples of convergence in test statistics as studies are included

and followed to an outcome measure in two meta-analyses A and B (93).

Random error and imprecision only cause problems if statistical tests are
performed at stages where the extent of the random error is substantial
enough to yield spurious statistical conclusions (93). For example, in Figure
5(A), significance testing during the two peaks in early trials would lead to
a false positive result. Similarly, in Figure 5(B), early significance testing

would have led to a false-negative conclusion.
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The likelihood of observing a false-positive or false-negative result is greater
with an increasing number of statistical tests performed on accumulating
data. This is known as ‘multiplicity due to repeated significance testing’ (99).
It is important for meta-analyses to minimise the risk of making a false-
positive or false-negative conclusion. Pooled intervention effects in meta-
analysis are usually assessed using P-values, and meta-analysts must
decide on the threshold at which a P-value is sufficiently small to justify a
‘positive’ conclusion or the threshold below which a P-value is considered
statistically significant (93). Deciding on a threshold involves a trade-off

between the risk of observing a false-positive and false-negative result.

When significance tests are performed with few studies in a meta-analysis,
or performed multiple times, there is an increase in the risk of observing a
false result. Therefore, interpretations about statistical significance should
be made in relation to the strength of evidence. That is, the total number of
participants, observed number of events (for dichotomous outcomes), as

well as the impact of multiplicity (100).

3.4.5 Limitations of meta-analysis

Meta-analyses aim to discover the benefit or harm of an intervention as
early and as reliably as possible, as a result they tend to be updated when
new studies are published (101). In previous years, reviewers which
published their reviews in the Cochrane Library were required to update
their systematic reviews at least once every two years, however they are
now updated based on priority (74). When meta-analyses are updated, they
are subjected to repeated significance testing, which has been shown to
increase the risk of type I error (102) by between 10% and 30% (99). In
practice, this means that between 1 and 3 out of 10 treatments

implemented based on meta-analysis results are likely to be inappropriate.
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Another limitation of conventional meta-analysis methods is that they do
not consider the amount of the available evidence, and the reliability of a
statistically significant intervention effect is often overvalued, irrespective
of the number of events and participants (74, 93). In addition, intervention
effects that don’t show statistical significance are seen as unreliable, and it

is assumed that more evidence is required (103).

A criticism of cumulative meta-analysis is that there are no guidelines for
assessing whether statistical evidence is conclusive or not, other than the
nominal P-value calculated from a meta-analysis after a new trial is added
(91). This P-value does not fully take into account the amount of information
or the number of participants included in the analysis (91). Additionally,

there is an increased risk of random error in cumulative meta-analysis.

There is no way to differentiate between an underpowered meta-analysis
and a true finding of an intervention being ‘ineffective’. However, it is
imperative that a conclusion as to whether an intervention is truly ineffective
or truly effective is made as soon as possible after studies are completed,
in order to guide investigators’ decisions as to whether further studies could
be informative or not (93). TSA is a method that can overcome this issue
by distinguishing whether meta-analyses provide evidence for either
beneficial or harmful intervention effects, lack of effect (futility), or

insufficient evidence for evaluation of the intervention effect (93, 104).

3.5 Trial Sequential Analysis

As discussed in Section 3.4, meta-analyses aim to discover the benefit or
harm of an intervention as early and as reliably as possible. As a result, they
tend to be updated when new studies are published (101). When
intervention evaluation has just begun and only few, smaller trials are
available, meta-analyses may be conducted on sparse amounts of data and

49



their findings are therefore at high risk of random error (105). As meta-
analyses are updated they are subjected to repeated significance testing,
which increases the risk of type I errors (102). When there are few data
available, TSA resolves these issues by having stringent thresholds for
assessing statistical significance, using monitoring boundaries. Monitoring
boundaries also take into account the volume of significance testing which
has been undertaken through adjusting the thresholds that are used to

define whether or not results are considered statistically significant (93).

TSA is also able to assess when an intervention has an effect smaller than
what would be considered clinically minimally important (93). Futility
boundaries, originally developed for interim analysis in RCTs, can be
estimated and used to provide a threshold below which an intervention
would be considered to have no clinically important effect (102). Thus,
performing further trials is considered futile as the intervention does not

possess the postulated clinically minimally important effect (93).

In TSA, when neither the monitoring boundaries nor the futility boundaries
are crossed, further information is required. TSA can also inform how much
more information is required to provide a conclusive answer regarding the
effect of the intervention versus its comparator - this is the distance

between the accrued information and the required information.

TSA can be used on all meta-analyses, and uses an approach that is
analogous to the interim analysis of single RCTs developed by Lan and
DeMets (106). In TSA of meta-analysis, trials are included in chronological
order, and interim analysis is performed on them relative to the required
number of participants for conclusive findings regarding intervention
efficacy (information size). If the studies accrued in the TSA does not reach

the information size, the uncertainty of the intervention effect will increase
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(104). The more participants included, the smaller the uncertainty. When
the required information size has not been reached, the threshold for
significance is adjusted. The fewer participants in the TSA, the lower the
significance level is in order to reliably assess the uncertainty of the
estimated intervention effect (104). Figure 6 shows a labelled example

output from a TSA report.

Monitoring Boundary

n
>

Cumulative Z-score

......... P=0.05

1
1
//4 3 No. of Patients

Information Size

N
0
=
w0
>

Figure 6 An example output from a TSA report. Each individual square
represents a different study in chronological order. The blue line is the
cumulative z-line, and represents the significance. The horizontal dotted line
represents the conventional test boundary (p=0.05). The red line is the
adjusted monitoring boundary - the cumulative z-line will cross this if there
is evidence of an effect. The dashed vertical arrow represents the
information size - this is the required number of patients needed to come
to a firm conclusion.

3.5.1 Information size

If all available studies are included, systematic reviews and meta-analyses
are considered the best available evidence, because power and precision of
the estimated intervention effects are increased in meta-analyses compared
to using a single study alone (74). However, this does not necessarily mean
that the available evidence is either sufficient or strong enough to be able

to provide a conclusion.
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Evidence suggests that intervention effects and P-values based on few
events and participants are unreliable (107). Approximately one quarter of
conventional meta-analyses with a small number of participants and events
may falsely pronounce the estimated intervention effects as statistically
significant (108). Furthermore, positive large pooled intervention effects
observed in early meta-analyses, tend to dissipate as more evidence is

gathered (108-110).

For individual trials, an estimation of the required sample size is performed
to ensure the number of participants included is enough to detect or reject
a minimum clinically important effect size (104). For dichotomous
outcomes, such as death, the sample size estimation is based on the
expected proportion of deaths in the comparator group, the expected
relative risk reduction of the intervention, and the selected maximum risks
of both type I and type II errors (101). Similarly, for meta-analyses to
produce adequately powered findings regarding an intervention effect,
sufficient numbers of participants need to be included. This number is
referred to as the ‘required information size’ (also known as ‘optimal
information size’ and ‘meta-analytic sample size’) (102, 105, 111). The
required information size can be estimated using similar parameters as
those used in sample size estimation for a single study. If it is applicable to
consider random-effects model for assessing the intervention effect size,
then an adjustment for between-study heterogeneity, measured by
diversity (D?), is needed (104). Heterogeneity between studies is likely to
be observed in meta-analyses due to the magnitude of the intervention
effect varying when used in different study populations, in studies with
different methodological characteristics, or due to variations in the
intervention itself (96). Thus, sample size estimations need to be increased

to allow for this between-trial heterogeneity (104).
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In TSA, studies are chronologically ordered, and interim analyses are
conducted as each study is added. In a TSA where the ‘required information
size’ has not been reached, the threshold for statistical significance is
inflated to account for sparse data and multiple testing of the interim
analyses using monitoring boundaries; thus, the 95% confidence interval is
not providing coverage of the real uncertainty and the cut-off for
determining statistical significance is below the usual nominal figure of 0.05

(104).

3.5.2 Significance testing with inadequate information size

As discussed in Section 3.4.5, meta-analyses are subjected to repeated
significance testing when they are updated, increasing the risk of type I
error. A resolution to solve this problem is to adjust the thresholds which
are used to define whether or not results are considered statistically
significant (93). Figure 7 demonstrates an example of a meta-analysis
where false-positive results are avoided using monitoring boundaries

adjusting the threshold for statistical significance.
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Figure 7 Examples of significance threshold adjustment (stipulated

monitoring boundaries) (93).

3.5.3 Futility testing with inadequate information size

Meta-analyses often influence future research. Before developing future
studies, investigators require an accurate summary of the most up to date
information. If a meta-analysis has found that an intervention has no
significant effect, it is important to ascertain how valid this finding is and to
be able to exclude the possibility that the intervention is really effective but
meta-analysis findings have arisen due to a lack of power (93). Using the
TSA approach, unless an appropriate information size has been reached,
when an intervention is found to have no effect, such a finding would be
considered to be due to lack of power (93). Without using an approach such
as TSA however, one would be unable to differentiate between an
underpowered meta-analysis and a true ‘ineffective’ finding. However, it is
imperative that a conclusion as to whether a treatment effect isn’t as large
as expected, is made as soon as possible in order to prevent investigators
spending resources on unnecessary further studies (93). Alternatively, the

anticipated intervention effect can be re-evaluated, and further research can
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be designed to investigate whether there is evidence of a smaller, but still

clinically significant, intervention effect size.

TSA is able to assess when an intervention has an effect smaller than what
would be considered minimally important as early as possible (93). Futility
boundaries, originally developed for interim analysis in RCTs, are created
and used to provide a threshold which an intervention would be considered
to have no effect (102). In a sufficiently powered meta-analysis, if an
intervention is truly an improvement compared to the comparator, the test
statistic would be expected to fluctuate around an upward sloping straight
line, eventually yielding statistical significance (93). In a meta-analysis with
fewer events and participants, obtaining a statistically significant result is
unlikely due to lack of power. As further studies are introduced, the risk of
getting a negative finding due to chance is reduced. Futility boundaries are
a set of thresholds that reflect the uncertainty of obtaining a chance

negative finding in relation to the number of participants (93).

If a test statistic is above the futility boundary, the test statistic may not
have returned statistical significance due to lack of power, however there is
a chance that that a statistically significant effect will be found before the
meta-analysis exceeds the information size (93). If a test statistic is below
the futility threshold, the test statistic is so low that the likelihood of a
significant effect being found becomes negligible. At this point, performing
further studies is futile as the intervention does not possess the postulated
effect (93). Figure 8(A) illustrates an example of a meta-analysis where
the intervention is not superior to the comparator. The test statistic crosses
the futility boundary before the required information size is passed. Figure
8(B) demonstrates an example of a meta-analysis where the intervention

is statistically significantly superior to the comparator. Here the test statistic
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stays above the futility boundary and also yields statistical significance by

crossing the monitoring boundary (93).
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Figure 8 Examples of futility boundaries where the experimental
intervention is not superior to the control intervention (and unnecessary
trials may have been conducted) (A) and where the experimental
intervention is statistically significantly superior to the control intervention
(again where unnecessary trials may have been conducted) (B) (93).

3.5.4 Example results from trial sequential analysis

This section aims to illustrate the various results that can be yielded from
using TSA. Figure 9 shows a TSA of a meta-analysis comparing two

treatments A and B where the Y-axis signifies the cumulative Z-score and
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the x-axis signifies the cumulative number of participants included in the
meta-analysis. In this TSA, the information size required is 855, however
the cumulative Z-score crosses the monitoring boundary after two studies
have been included. Even though the required information size has not been
reached, it can be concluded that intervention B has a greater effect than
intervention A and perhaps the intervention effect is larger than the
anticipated effect (112). Thus, there is sufficient evidence to provide a firm
conclusion and further studies based on this research question are not
required. Screenshots of the TSA software to demonstrate the inputs

required can be found in Appendix D.
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Figure 9 Example TSA showing the cumulative Z-score crossing the
monitoring boundary, but information size has not been reached.

The cumulative Z-score crosses both the monitoring boundary as well as the
required information size in Figure 10. Again, the conclusion is that
intervention B is superior to intervention A and that the intervention effect

is larger than the anticipated effect. Similar, to Figure 9, further studies
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are not required. However, three studies had been conducted after a firm
conclusion was already determined; therefore if a TSA had been conducted
earlier, perhaps these studies could have been avoided and resources been

better placed elsewhere.
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Figure 10 Example TSA showing the cumulative Z-score crossing the
monitoring boundary, and information size has been reached.

In meta-analysis, it is important to understand whether a non-significant
result is truly down to a lack intervention effect, or whether this result is
due to lack of statistical power. TSA enables this differentiation. In Figure
11 the Z-curve does not cross either the monitoring boundary or the
conventional test boundary (P=0.05). However, a sample size of 1143 was
not sufficient to reach the required information size (2144), therefore more

studies are required.

Whereas in Figure 12 the cumulative Z-curve crosses the futility boundary.

When this occurs it can be inferred that the intervention effect is smaller
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than what would be considered minimally clinically important to participants
(93). Figure 12 also demonstrates that the futility boundaries were crossed
after the fifth study was included in the TSA, suggesting that the sixth study

was not required.
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Figure 11 Example TSA showing the cumulative Z-score not crossing the
monitoring boundary or the conventional test boundary, and information

size has not been reached.
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Figure 12 Example TSA showing the cumulative Z-score crossing the futility

boundary.
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Figure 13 shows the cumulative Z-score crossing the conventional test
boundary, however the monitoring boundary has not been crossed. Futility
boundaries have not been crossed, suggesting that there could be a
significant intervention effect but the required information size has not been
reached, deeming the meta-analysis inconclusive with more studies being
required before a firm conclusion can be made. Specifically, further studies

with a total of approximately 930 participants are required to come to a firm

conclusion.
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Figure 13 Example TSA showing the cumulative Z-score not crossing the
monitoring boundary, and information size has not been reached.

3.5.5 Limitations of Trial Sequential Analysis

In the previous section, it has been explained how TSA may overcome the
risks of type I and II errors when conducting meta-analyses. In recent

years, TSA has been increasingly utilised by authors, the Cochrane
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Collaboration and other evidence synthesis groups (108). However, TSA can

be difficult to perform, may be misused and has its limitations (104, 113).

A criticism of TSA is that, if a TSA is designed and conducted following data
collection, the analysis becomes data driven and may not be thorough
enough to address a predefined alternative hypothesis (113). However,
Wetterslev et al. (85) argued that many meta-analyses follow data-driven
hypotheses and analyses. Therefore it is recommended that for each TSA,
a protocol should be registered which describes the anticipated intervention
effect, anticipated trial heterogeneity, and the anticipated outcome event
rate in the comparator group prior to conducting the TSA (85). Alternatively,
authors should make it explicit they are conducting a post-hoc analysis, and

should do a sensitivity analysis around the values chosen to inform the TSA.

Recently, the Cochrane Collaboration evaluated and updated their guidance
on using sequential approaches in meta-analysis in their systematic reviews
(49, 50). The authors of the Cochrane Collaboration Handbook for
Systematic Reviews of Interventions concluded that sequential methods
should not be used in primary analyses or to draw conclusions, but could be
used as secondary analyses in systematic reviews if they are prospectively
planned and the assumptions underlying the design are clearly justified
(50). In their guidance, they recommend that authors’ interpretations of
evidence should be based on estimated magnitude of intervention effect and
its uncertainty rather than drawing binary conclusions from interpretations
of the P-value from the TSA, and decisions should not be influenced by plans
for future updates of meta-analyses (50). In the future there may be scope
to use TSA in conjunction with the GRADE approach used in Cochrane
reviews, to assess the certainty of the body of evidence relating to the

outcomes. For example, if a TSA shows that more information is required,
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this could be used as a reason to downgrade the certainty of an

interventions effects.

Higgins et al. (113) questioned the analogy used in TSA between stopping
trials based on interim analyses and ‘stopping’ further meta-analyses. In
TSA, if there is sufficient or insufficient evidence to reject or not reject the
null hypothesis, it is concluded that more studies are needed (113). If the
null hypothesis is not rejected (the TSA result crosses the futility boundary,
based on pre-specified power and minimum clinically important effect size)
or rejected (the TSA result crosses boundaries that represent a harmful or
beneficial effect), the research question has been answered, and no more
studies are required (113). If these ideas are applied to a single trial, this
can lead to the continuation or stopping of the trial. Higgins et al. (113)
argues that this same notion cannot be applied to TSA since meta-analysts
are not able to make these decisions about future studies, but should make
recommendations instead. If new, high quality studies are already underway
when the decision is made to stop further analyses, these would need to be

included in updates, and should not be ignored.

It is argued that TSA relies too heavily on the result of the statistical
significance test (P-value) rather than the 95% confidence intervals (114).
In TSA, confidence intervals can be adjusted for the incomplete meta-
analysis information size and for multiple significance testing (104). It has
been suggested that the traditional 95% confidence intervals are sufficient
enough to measure whether or not an intervention works (114), however
these intervals exclusively relate to the null hypothesis and not to an
alternative hypothesis relating to the type I error risk (115). If the
unadjusted confidence intervals are used when the information size has not
been reached, this can lead to false assertions of statistically significant

events (104). Therefore, the traditional unadjusted 95% confidence interval
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is only sufficient for statistical significance when the required information

size has been achieved (104).

TSA has also been scrutinised for being too conservative as TSA users may
decide to use a conservative a priori intervention effect and the total
variance in the meta-analysis to calculate the required information size
(104). Although using an a priori intervention effect does not consider the
intervention effect from the collected data, doing so may lead to a greater
required information size (116). Furthermore, although using the total
variance for the calculation of information size is seen as the worst-case
scenario of risk of random error, it is unknown whether this variation is
produced by systematic differences or by random variations (104). As it
cannot be deduced where the variation arises from, it must be assumed that

all of the variance arises from chance (117).

Kulinskaya and Wood (118) have argued that in an underpowered meta-
analysis, not only is it necessary to assess the gap from the accrued
information size to the required information size (i.e. the number of
additional participants you need to randomise), but also the number of
studies that should be conducted to achieve the required information size
(118). Using multiple studies to reach the required information size may be
beneficial in meta-analyses where heterogeneity occurs (118) since smaller
studies are more likely to have more imprecise estimates of intervention
effects; hence contribute to the precision of the estimate of the between-
study heterogeneity. However, setting up more than one study can be more

expensive and this may not be realistic in practice.

3.6 Conclusion

TSA overcomes the issues of multiple testing resulting from updating a
meta-analysis by providing corrected results using monitoring boundaries
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and a required information size. TSA has the added advantage over
standard meta-analysis methods, which allows the reader to assess whether
there is sufficient evidence to conclude a clinically important treatment
effect, no evidence of an effect, or lack of evidence. By giving an
approximation for information size based on a minimum clinically important
treatment effect, future studies can be better informed regarding sample
size estimations. Furthermore, if information size has been surpassed, this
can prevent further resources being wasted on more studies. In the
following chapter an alternative use for TSA is presented, where it is used
to estimate the sample size for a study based on results from feasibility and

pilot trials.
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Chapter 4: Using Trial Sequential Analysis for

estimating the sample sizes of further trials
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4.1 Introduction

The arguments presented in this chapter have been submitted in a
manuscript to BMC Medical Research Methodology, and a pre-print has been
published on Research Square (Appendix B) (119). Journal editors have

requested a revised version which is currently under review.

Demonstrating that health interventions work requires substantial
resources. Often feasibility and pilot randomised clinical trials are conducted
before larger-scale randomised controlled trials (RCTs) are designed to
determine benefits and harms (120-122). Feasibility trials are used to
ascertain information such as intervention acceptability, feasibility of
intervention delivery, and recruitment likelihood to help design more
decisive RCTs (120). A pilot trial is a smaller version of a large-scale RCT,
and is used to test whether the main components of the trial, such as
recruitment, randomisation, treatment, and follow-up assessments can all
work together (120). Moreover, their data can be used to inform sample

sizes for large-scale RCTs (121, 122).

Chapter 3 discusses how TSA is a methodology that can be used in meta-
analyses to control for random errors, and to assess whether further studies
need to be conducted (123). In a novel approach, here we employ TSA and
combine data from feasibility and pilot RCTs testing a text message-based
smoking cessation intervention for pregnant women (*MiQuit’) (124, 125) to
estimate the sample size that one or more future RCTs would need to

recruit, to provide a more decisive answer regarding intervention benefit.
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4.2 Aims

The aim of this chapter is to demonstrate an alternative use for TSA by
calculating the sample size required for an RCT of MiQuit, using results from

feasibility and pilot studies.

4.3 Objectives

The study aim was investigated through the following objectives:

I. To use parameters from feasibility and pilot trials of MiQuit to
perform TSA.
II. To use TSA to calculate the required information size of one or more

trials of MiQuit.

4.4 Methods

As presented in Section 3.5.1, TSA can inform how much more information
is required to yield a firm conclusion regarding the effect of the intervention
versus its comparator - the distance between the accrued information and

the required information.

In TSA, trials are chronologically ordered, and interim analyses are
conducted as each trial is added. In a TSA where the ‘required information
size’ has not been reached, the threshold for statistical significance is
inflated to account for sparse data and multiple testing of the interim
analyses using monitoring boundaries; thus, the 95% confidence interval is
not providing coverage of the real uncertainty and the cut-off for
determining statistical significance is below the usual nominal figure of 0.05

(104).
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In the worked examples below, we show how TSA methods can be used to
estimate the sample size required for one or more new trials to add further
data to a meta-analysis to provide more firm evidence for an intervention
either having or not having the postulated minimally clinically significant

effect.

4.5 Results

In this section, we provide an example of how TSA successfully used data
from feasibility and pilot RCTs that tested MiQuit, a text-message, self-help
smoking cessation intervention for pregnant women, to justify research

funds to undertake a third RCT.

4.5.1 Previous MiQuit trials

Smoking during pregnancy increases the risk of miscarriage, stillbirth, low
birth-weight, premature birth, perinatal morbidity and mortality, sudden
infant death, as well as adverse infant behavioural outcomes (126, 127).
Pregnancy is a life event which motivates cessation attempts amongst
smokers and over 50% of pregnant women who smoker attempt to quit
during this time (128), consequently pregnancy is an opportune moment to
offer smoking cessation support. Text message, self-help support, smoking
cessation programmes developed for non-pregnant smokers are effective,
but such programmes are inappropriate for use during pregnancy (129-
131). To address the lack of acceptable self-help, support cessation
programmes for pregnant smokers in the UK, MiQuit was developed (124).
MiQuit delivers individually-tailored text messages to pregnant smokers,
with the aim of encouraging them to stop smoking (124). Further details on

MiQuit can be found elsewhere (124).
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A MiQuit feasibility RCT was conducted, including 207 women.
Biochemically-validated, 7-day point prevalence cessation at 12 weeks post
randomisation (~6 months gestation) was 12.5% in the MiQuit group,
compared with 7.8% in the control group (odds ratio (OR) 1.68, 95%
confidence interval (CI) 0.90 to 3.16) (124). Although the trial was relatively
small in sample size and the cessation period brief, the trial provided an
estimate suggesting that MiQuit could have a positive impact in addition to

routine care.

Next, a pilot RCT was conducted to investigate the feasibility of undertaking
a fully-powered multi-centre RCT in UK National Health Service (NHS)
settings (125). The pilot MiQuit RCT recruited 407 pregnant smokers and
the prolonged abstinence rate from smoking, validated in late pregnancy
was 5.4% in the MiQuit group versus 2.0% in the control group (OR 2.70,
95% CI 0.93 to 9.35) (125). This trial also suggested a beneficial effect of

MiQuit.

As MiQuit is a cheap intervention and can be disseminated widely, we
anticipated that even a 1% to 2% absolute effect on smoking cessation in
pregnhancy could be clinically important and cost effective (125). The results
from the feasibility and pilot trials suggested that an impact of this size was
attainable; however, an adequately powered RCT would still be needed to
determine whether MiQuit is effective and guide future routine clinical

practise.

4.5.2 Conventional meta-analysis

The conventional way to determine if an intervention is effective or not is to
use the naive alpha of 5% and the naive 95% confidence interval (74). Since
both the feasibility and pilot trials used virtually the same design as that

which would be used in any new RCT, they can be considered as pilots and
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it would be appropriate to meta-analyse these trials’ findings together.
Using a random-effects model, a traditional meta-analysis of pilot and
feasibility studies’ data found, that women randomised to MiQuit were more
than twice as likely to be abstinent in their pregnancy (pooled OR 2.26, 95%
CI 1.04 to 4.93; 1°=0%, p=0.041). Although, this result can be interpreted
to be significant according to conventional assessment (P<0.05), it should
be interpreted with caution because, as described above, findings from
meta-analyses based on only two small RCTs can produce spurious findings

due to type I error (86, 95, 132).

In the next sections, we use conventional sample size estimation methods
to estimate the sample size for an RCT which, on its own would have enough
power to show whether MiQuit might be effective, using a plausible
treatment effect estimate derived from the conventional meta-analysis
above. We also calculate a second sample size estimate for one or more
further RCTs, which when pooled with data from feasibility and pilot trials

using TSA methods, would be similarly decisive.

4.5.3 Conventional sample size estimation

As the pilot trial (125) was considered at lower risk of bias compared to the
feasibility trial (124), a traditional sample size calculation using smoking
cessation rate estimates derived from the pilot trial suggests a new trial
would require a total sample size of 1292 participants. This estimate has
90% power (10% type II error) and 5% significance (2-sided test; type I
error) to detect a 3.4% absolute difference in prolonged abstinence from
smoking from 4 weeks after enrolment until 36 weeks’ gestation between

the MiQuit and control groups (5.4% versus 2.0%) (125).
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4.5.4 Trial Sequential Analysis

Figure 14.I illustrates a TSA incorporating findings from the MiQuit
feasibility (A) (124) and pilot (B) (125) trials. In this TSA output, the x-axis
represents the number of participants and marked on this are the numbers
of participants recruited to each trial. The y-axis represents the Z-score,
where a positive Z-score favours the MiQuit intervention and a negative Z-

score favours the control.

The Z-score is the test that helps you decide whether to reject or not reject
the null hypothesis. Very high positive or very low negative Z-scores are
associated with very small P-values. The critical Z-score values when using
a 95% confidence level which are known as the ‘conventional test
boundaries’, are -1.96 and +1.96 and these relate to a two-sided P-value of
0.05. If the Z-score is between -1.96 and +1.96, the P-value will be larger
than 0.05, and the null hypothesis of no difference between intervention
groups is not rejected. The Z-curve represents the cumulative Z-score as
each RCT is added to the analysis. In Figure 14.I, when trial B is added to
the analysis, the Z-curve crosses the conventional test boundary (p=0.05).
This is consistent with the results from the conventional meta-analysis for

MiQuit, where we found P=0.041.

The required information size is represented by the vertical red line in
Figure 14. The required information size was estimated using the same
parameters as used for the conventional sample size estimation above (90%
power, 5% significance, to detect a 3.4% absolute difference) (125);
although this estimate could take into account observed heterogeneity,
there was none in this meta-analysis due to the similarity of the intervention
and methodology used within the trials (I2 = 0% and D? = 0). Consequently,

the estimated required information size of 1296 participants is only slightly
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different to that using conventional sample size estimation due to rounding
errors; however, the estimates would be larger if heterogeneity were

present.
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Figure 14 Trial Sequential Analysis output of both MiQuit trials using; 90%
power, 5% significance, to detect a 3.4% absolute difference. Points A and
B on the Z-curve represent each trial added to the trial sequential analysis.
A - Feasibility trial n=198 (124); B - Pilot trial n=407 (125). Figure 14.II.
Point C represents a theoretical trial with a sample size of 630 women,
where an absolute difference of 3.17% was observed, in favour of the MiQuit
group, between the control and intervention groups. Figure 14.III1. Point
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D represents a theoretical trial with a sample size of 630 women, with an
absolute difference of -0.63% in favour of the control group.

As the cumulative Z-curve does not cross the upper trial sequential
monitoring boundary which indicates MiQuit being effective, this TSA shows
that further information is required before any firm conclusion can be
reached about the efficacy of the MiQuit intervention. Although the
conventional meta-analysis suggested, with borderline significance, that
pregnhant women randomised to MiQuit were more than twice as likely to be
abstinent from smoking in late pregnancy, the TSA indicates that this finding
is not sufficiently robust. The TSA-adjusted 95% confidence intervals for
cessation using MiQuit (pooled OR 2.26, TSA-adjusted 95% CI 0.66 to
7.70), are much wider than those of the conventional meta-analysis (pooled

OR 2.26, unadjusted 95% CI 1.04 to 4.93).

Without TSA having been undertaken, an interpretation of the conventional
meta-analysis would have been that MiQuit is effective. However, TSA
indicates that one cannot be secure in this interpretation and further trial
data should be collected to eliminate the possibility that this is a false
positive result, which can occur early in intervention evaluation, particularly

when small trials are undertaken.

4.5.5 Calculating sample size for a third MiQuit RCT

TSA has demonstrated that further RCT data are required before a firm
conclusion about the efficacy of the MiQuit intervention can be determined.
As the initial two trials were sufficiently similar to be combined in the TSA,
we will now demonstrate how TSA methods can be used to estimate the
sample size for (a) further trial(s) — data from which, when combined with
the previous two trials in the TSA, would be expected to provide more
conclusive findings regarding the efficacy of the MiQuit intervention. We will

also demonstrate how exemplar theoretical findings from future trials which
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are both in favour and against MiQuit having a positive effect would impact

the TSA result.

4.5.5.1 Trial Sequential Analysis sample size estimation

Estimates derived from the TSA found the required information size as 1296
participants. From the feasibility and pilot studies, 605 women have already
been recruited and randomised; therefore, the required sample size for
further RCTs can be estimated as the difference between the required
information size minus the number of women already recruited into the
previous trials; thus a sample size of 691 women (346 per intervention

group) would be needed, assuming a 1:1 ratio.

Figure 14.1II shows the TSA output after adding a theoretical third trial (C)
with a sample size of 630 women (315 per trial group), where an absolute
difference of 3.17% was observed in favour of the MiQuit group versus the
control group. The TSA shows the cumulative Z-curve line crossing the
upper trial sequential monitoring boundary which indicates MiQuit being
effective. As the trial sequential monitoring boundary has been crossed, the
TSA Z-curve does not need to reach the required information size of 1296.
In the present scenario, we can firmly conclude that MiQuit is effective for
smoking cessation compared to control (provided that all trials are valid and

not influenced by systematic errors (bias) or other errors).

When a theoretical third trial (D) with a negative outcome is included in the
TSA (Figure 14.I1I), we observe a different conclusion. Here, the third trial
D with a sample size 630 was intentionally given a negative outcome
(absolute difference of -0.63% in favour of control). Here we observe the
Z-curve drop below the conventional test boundary, and in a meta-analysis
we would have concluded that MiQuit was not effective. However, in the

TSA, the futility boundary is not crossed, so we are unable to decisively say
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that MiQuit is not as effective as control for smoking cessation. Due to the
diversity, the required information size has increased to 1941, meaning

future trials will need a further 706 participants.

4.5.5.2 A conservative approach to sample size estimation

In the above example, the required information size was derived using the
smoking cessation rate from the pilot trial (125). Therefore, it can be
postulated that data from the pilot trial should not be included in subsequent
TSA. Consequently, consistent with this one could exclude the data from the
pilot trial from the TSA and re-estimate the total humber required (Figure
15.I). Using this approach, to provide a conclusive result, either a single
trial of 1098 participants (549 per intervention group, assuming a 1:1 ratio)
or multiple trials cumulating to a total of 1098 participants, would be
needed. This figure, although conservative, is still less than the estimate

from the conventional sample size calculation.

Figure 15.II and Figure 15.III also show the TSA outputs if theoretical
trials C and D were included in the TSA. In both situations further
information is needed, despite the Z-curve coming close to the upper trial
sequential monitoring boundary in Figure 15.II and the futility boundary

in Figure 15.111.
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Figure 15.I Trial Sequential Analysis output of the MiQuit feasibility trial
with the pilot trial removed, using; 90% power, 5% significance, to detect
a 3.4% absolute difference. Point A on the Z-curve represents the feasibility
trial. Figure 15.II. Point C represents a theoretical trial with a sample size
of 630 women, where an absolute difference of 3.17% was observed, in
favour of the MiQuit group, between the control and intervention groups.
Figure 15.III. Point D represents a theoretical trial with a sample size of
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630 women, with an absolute difference of -0.63% in favour of the control
group.

4.5.6 Sensitivity analysis

The modelled scenario, in which there is no heterogeneity between trials in
a meta-analysis is rare; in most situations where the described approach is
used, some heterogeneity between studies might be expected. TSA provides
95% confidence intervals for heterogeneity (I?) within meta-analyses. One
way to fully allow for heterogeneity is to perform a sensitivity analysis using
the upper boundary for heterogeneity. This would increase the required
information size. In our example, the program could not calculate the 95%
confidence interval surrounding the I-square of 0% as there were less than
three included studies. In this case it is possible to input an estimate for

heterogeneity into the TSA software.

4.6 Discussion

The chapter demonstrates how TSA can be used to determine the required
sample size for one or more additional RCTs to make the findings from a
meta-analysis more conclusive. This sample size would be considered
underpowered in comparison to a traditional single RCT sample size
calculation. However, by using TSA in such a way, future trials could be
planned using significantly fewer resources and with less cost than trials

planned using traditional sample size calculations.

In the worked example, data from the pilot trial was used in the TSA to
estimate the required information size. Ignoring that the same data is being
used twice (for the estimation and for the meta-analysis) could mean that
the estimate generated is not sufficiently conservative. Thus, we present a

modification which attempts to overcome this issue. This approach increases
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the difference between required information size minus the accrued

information by the sample size of the trial used in the estimation.

It is important to note that in the example, the meta-analysis of the existing
two MiQuit trials quantified heterogeneity as 0%, thereby indicating that
none of the variation in the meta-analysis was due to heterogeneity.
However, it is unlikely that this will be the case for meta-analyses of other
interventions aimed at changing addictive behaviours (133, 134); therefore,
TSA methods have been developed to account for this (132). In TSA,
estimated information size and monitoring boundaries vary with the level of
heterogeneity in the meta-analysis, where the greater the level of
heterogeneity, the larger the sample size needed for firm conclusions to be

reached.

In the example presented, odds ratios were also used instead of risk ratios,
as the feasibility study was powered using an odds ratio from a meta-
analysis investigating mobile phone interventions for smoking cessation in
the general population (124). Moreover, the quit rates are relatively low, so
there is very little difference between the odds ratio and relative risk. In
other TSAs, it may be advisable to use risk ratios instead of odds ratios, to
avoid overestimating the intervention effect. Additionally, it may be
inappropriate to use the odds ratio used to power the feasibility trial to
estimate sample sizes for future MiQuit trials since data now exists from the
feasibility and pilot trials. In our example, the stipulated intervention effect
was derived from the pilot trial (*internal data’), and it could be argued that

such adaptive data should not be used in meta-analysis (135).

In Chapter 3.5.5 it was discussed that using multiple trials to reach the
required information size may be beneficial in meta-analyses where

heterogeneity occurs (118). Smaller trials tend to have more imprecise
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estimates of intervention effects; hence contribute to the estimation of
heterogeneity in the meta-analysis. However, setting up more than one trial

can be more expensive, and this may not be realistic in practice.

In Chapter 3.5.5 it was also discussed how authors of the Cochrane
Collaboration Handbook for Systematic Reviews of Interventions had
reservations regarding using TSA to draw conclusions regarding the
effectiveness of an intervention (136, 137). However, these criticisms of
sequential approaches in meta-analyses apply to the traditional use of TSA,
whereas this chapter demonstrates an alternative use of the method.
Furthermore, a further limitation the authors argue is that a meta-analyst
does not have any control over the future designing of trials that would be
eligible for inclusion in the meta-analysis (66), thereby making it impossible
to construct a set of stopping rules (66). However, in our example, the
opposite is the case, where both the feasibility and pilot trials were
conducted by the same group of investigators, and any future trials would

have a consideration for the desired properties of a stopping rule.

Finally, the authors of the Cochrane Collaboration Handbook for Systematic
Reviews of Interventions also highlight that there are methodological
limitations to sequential methods when heterogeneity is present (137). In
our example described in this chapter, heterogeneity was not present and
therefore these limitations are not relevant. However, we discuss how the
presence of heterogeneity could be explored in TSA by performing

sensitivity analyses.

4.7 Conclusions

In conclusion, TSA is a method that can utilise data from feasibility and pilot
trials as well as other trials, in order to estimate a sample size for one or
more future RCTs, to provide an adequately powered conclusion regarding
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an intervention’s benefits and harms. This simple use of expensively
collected trial data could be usefully exploited by researchers evaluating
other interventions and could result in cost saving as fewer participants
would need to be recruited than if a conventional sample size estimate is

carried out.
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Chapter 5: A systematic review of nicotine
replacement therapy for promoting smoking

cessation during pregnancy
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5.1 Introduction

The work presented in this chapter is an update to an existing Cochrane
review (59), and has been published as part of wider systematic reviews of
‘Pharmacological interventions for promoting smoking cessation during
pregnancy’ published in the Cochrane Library (Appendix B); and ‘Fetal
safety of nicotine replacement therapy in pregnancy: systematic review and

meta-analysis’ published in Addiction (Appendix B).

Chapter 1 outlined the epidemiology of smoking in pregnhancy and
described the risks associated with smoking in pregnancy. There was also a
description of how NRT is effective for smoking cessation outside of
pregnancy, but its efficacy in pregnancy is unclear. Chapter 1 also
discussed some of the safety concerns surrounding NRT use in pregnancy.
In this chapter a systematic review is performed to assess the efficacy of
NRT for smoking cessation in pregnancy, and how safe NRT is when used in

pregnancy.

5.1.1 Why it is important to do this review

Guidelines from many countries recommend that NRT be offered for
smoking cessation in pregnancy to heavy smokers who have been unable
to quit smoking using behavioural or psychosocial methods (45, 138-141).
In most high-income countries (e.g. Canada, the USA, Australia, New
Zealand), guidelines recommend that pregnant women be offered
intermittent NRT-delivery formulations (e.g. gum, lozenges, spray -
classified as category C drugs in pregnancy), rather than continuous ones
(e.g. patches - classified as category D) (142). The theoretical rationale for
this is that the overall dose of nicotine delivered by intermittent formulations
may be lower than that delivered by continuous ones (140), and that the
peaks in blood nicotine concentrations are more extreme, mimicking the
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action of smoking. However, some experts recommend patches, as the
lower peak nicotine levels associated with these may induce fewer adverse

effects, such as throat irritation (45, 140).

Consensus-based recommendations about using NRT for smoking cessation
in pregnancy are underpinned by a belief that medicinal NRT is safer than
smoking (143). However, to date, individual trials have had inconsistent
findings (55, 58), and there is no conclusive evidence that NRT is either
effective or safe in pregnancy (144). There are also reports of low adherence
to NRT regimens, which could reduce efficacy and suggests that the
acceptability of NRT use in pregnancy may be limited (52, 145).
Furthermore, it is unclear whether efficacy or safety is improved with
intermittent NRT administration (fast-acting NRT products) or with

continuous administration using nicotine patches.

Given that NRT appears to be widely accepted for cautious use in pregnancy,
a systematic review investigating the efficacy and safety of this clinical
practice was warranted. An up-to-date, robust synthesis of research
evidence on the use of NRT for cessation in pregnancy will help advance

clinical practice in an area of substantial clinical need.

5.2 Objectives

To determine the efficacy and safety of NRT used during pregnancy for
smoking cessation in later pregnancy and after childbirth, and to determine

adherence to NRT for smoking cessation during pregnancy.

85



5.3 Methods

5.3.1 Criteria for considering studies for this review

5.3.1.1 Types of studies

Parallel- or cluster-randomised controlled trials (RCTs) were eligible for
inclusion. Quasi-randomised, cross-over, and within-participant designs
were not eligible for inclusion due to the potential biases inherent in these

designs.

5.3.1.2 Types of participants

Women who were pregnant and who also smoked tobacco at study baseline.

5.3.1.3 Types of interventions

Comparisons of any type of NRT (including chewing gum, transdermal
patches, nasal and oral spray, inhalators and tablets or lozenges) versus

placebo or no NRT control.

Trials could provide behavioural support to participants, however the
support provided had to be very similar (ideally identical) across the active
NRT and comparator trial arms. Behavioural support is effective for smoking
cessation in pregnancy (40), and differences in its provision would be
expected to affect cessation and birth outcomes, potentially rendering

findings difficult to interpret.

5.3.1.4 Types of outcome measures

5.3.1.4.1 Primary outcomes

Self-reported abstinence from smoking at the latest time point in pregnancy
at which this was measured and, where available, validated biochemically

using measures such as exhaled carbon monoxide, saliva cotinine, or, in
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those who are not smoking but using nicotine, anabasine. When validated
abstinence data were available, these were preferred to self-report. Where
this information was available, we also used prolonged or continuous
abstinence measures, timed from a quit date set in early pregnancy and
which allowed temporary lapses to smoking as per the Russell Standard
criteria for outcome measurement in cessation studies (146). However,
point prevalence abstinence measures were substituted for these as

required.

5.3.1.4.2 Secondary outcomes

1) Abstinence from smoking after childbirth (with abstinence defined as
detailed above)
2) Safety
a) Miscarriage/spontaneous abortion
b) Stillbirth
Cc) Mean unadjusted birthweight
d) Low birthweight (less than 2500 g)
e) Preterm birth (less than 37 weeks' gestation)
f) Neonatal intensive care unit admissions
g) Neonatal death
h) Caesarean section
i) Congenital anomaly
j) Maternal hypertension
k) Infant respiratory symptoms
) Infant development
3) NRT adherence
4) Non-serious adverse effects (serious adverse event data contributed to
safety outcomes, as described above)

5) Any reported long-term effects of NRT on safety
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We did not carry out a specific literature search for outcomes 3 to 5, but, if

reported, these data were extracted from the included studies and described

qualitatively.

5.3.2 Search methods for identification of studies

5.3.2.1 Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register

by contacting their Information Specialist, who ran the search on 20 May

20109.

The Cochrane Pregnancy and Childbirth Group’s Trials Register is

maintained by their Information Specialist and contains trials identified

from:

1) monthly searches of the Cochrane Central Register of Controlled Trials
(CENTRAL);

2) weekly searches of MEDLINE (Ovid);

3) weekly searches of Embase (Ovid);

4) monthly searches of CINAHL (EBSCO) (Cumulative Index to Nursing and
Allied Health Literature);

5) hand-searches of 30 journals and the proceedings of major conferences;

6) weekly current awareness alerts for a further 44 journals plus monthly
BioMed Central email alerts;

7) scoping searches of the US National Institutes of Health Ongoing Trials

Register ClinicalTrials.gov (clinicaltrials.gov/) and the World Health

Organization International Clinical Trials Registry Platform

(apps.who.int/trialsearch/) for unpublished, planned, and ongoing trial

reports.
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Based on the intervention described, each trial report is assigned a number
that corresponds to a specific Pregnancy and Childbirth review topic (or
topics) and is then added to the Register. The Information Specialist
searches the Register for each review using this topic humber rather than
keywords. This results in a more specific search set that has been fully
accounted for in the relevant review sections (Included, Excluded, Awaiting

Classification, or Ongoing).

Details of the search strategies for CENTRAL, MEDLINE, Embase, and
CINAHL; the list of hand searched journals and conference proceedings; and
the list of journals reviewed via the current awareness service can be found
in the *PCG Trials Register’ section of the Cochrane Pregnancy and Childbirth

Group's website.

5.3.2.2 Searching other resources

We checked relevant cited studies whilst reviewing the trial reports
identified by the electronic searches, as well as reference lists from any
directly relevant reviews identified. We also searched the following trials
registers on 20 May 2019: US National Institutes of Health Ongoing Trials

Register ClinicalTrials.gov (clinicaltrials.gov/) and the World Health

Organization International Clinical Trials Registry Platform

(apps.who.int/trialsearch/), and OpenGrey, "System for Information on

Grey Literature in Europe” (www.opengrey.eu/).

We did not apply any language or date restrictions and included studies
regardless of the publication type (e.g. conference abstract, trial registry

entry, journal article).
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5.3.3 Data collection and analysis

For this update, the following methods were used to assess the newly

identified studies resulting from the latest search.

5.3.3.1 Selection of studies

Two review authors (RC and TC) independently inspected the search results,
making separate lists of titles and abstracts that were potentially suitable
for inclusion. We then retrieved the full texts of reports deemed potentially
relevant, and two review authors (RC and TC) independently assessed these
for inclusion in the review. At both stages disagreements were resolved by

discussion without the need to involve a third review author.

5.3.3.2 Data extraction and management

We designed a data extraction form based on that used by Lumley et al.,
2009 (147), which two review authors (RC and TC) used to independently
extract data from eligible studies. Extracted data were compared, with any
discrepancies being resolved through discussion. RC entered data into

Review Manager 5 software (148), double checking this for accuracy.

When information regarding any of the above was unclear, we contacted

authors of the reports to provide further details.

We recorded the following information, where available, in a ‘characteristics

of included studies’ tables (Appendix A).

1) Methods: study design.
2) Participants: number of participants, inclusion criteria, and any relevant

exclusion criteria.
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3) Interventions: description of intervention and control (treatment,
dosage, regimen, behavioural support, duration of intervention),
information regarding dose matching if relevant.

4) Outcomes: primary outcomes, time points reported, biochemical
validation, and definitions of abstinence.

5) Notes: we recorded dates of the trial, trial funding, and declarations of

interest of trial authors where reported.

We created additional tables for details of twin births and fetal loss in
pregnancy and for extracted adherence data. Adherence data can be found

in Appendix A.

5.3.3.3 Assessment of risk of bias in included studies

RC and TC independently assessed risk of bias for all studies which they had
not authored (the one study led by TC was assessed by CC and JLB), using
criteria adapted from those in the Cochrane Handbook for Systematic
Reviews of Interventions (137). Any disagreements were resolved by

discussion with a third review author (JLB).

We assessed the following 'Risk of bias' domains for all included studies.

5.3.3.3.1 Random sequence generation (checking for possible

selection bias)

We determined whether the method used to generate the allocation
sequence was sufficiently described to permit an assessment of whether it

should produce comparable groups.

We assessed the method as:

e low risk of bias (any truly random process, e.g. random number table;

computer random number generator);
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e high risk of bias (any non-random process, e.g. odd or even date of
birth; hospital or clinic record number); or

e unclear risk of bias.

5.3.3.3.2 Allocation concealment (checking for possible selection

bias)

We determined the method used to conceal the allocation sequence and
whether intervention allocation could have been foreseen in advance of or

during recruitment, or changed after assignment.

We assessed the methods as:

e low risk of bias (e.g. telephone or central randomisation; consecutively
numbered, sealed, opaque envelopes);

e high risk of bias (open random allocation; unsealed or non-opaque
envelopes, alternation; date of birth); or

e unclear risk of bias.

5.3.3.3.3 Blinding (checking for possible performance bias and

detection bias)

In smoking cessation studies, bias can also occur at outcome ascertainment
if trial participants report that they have stopped smoking when actually
they have not. Generally, it is perceived that the broadly negative social
view of smoking can result in self-perceived pressure on participants in
smoking cessation studies to be seen as having successfully stopped
smoking, and this may result in false reporting of abstinence from smoking
at follow-up. Trialists attempt to minimise this bias (detection bias) through
use of biochemical validation of self-reported smoking status data which is

collected for trial outcomes.
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We determined the methods used, if any, to blind study participants and
personnel from knowledge of which intervention was received by the
participant. In the previous version of this review, we categorised studies
that used placebo as at low risk of bias and those that used a behavioural
control only as at high risk of bias. Using this categorisation of bias, findings
with respect to efficacy of NRT were different for placebo (low risk of bias)
and non-placebo (high risk of bias) RCTs, so we have maintained the same
classification for this update. In the 'Risk of bias' table we also note whether
participants, personnel, and outcome assessors were blinded to outcome
assessment and whether the abstinence outcome was biochemically
validated. We used cut points derived by expert consensus: 8 parts per
million where exhaled carbon monoxide was used for validation and 10

ng/mL for saliva cotinine.

5.3.3.3.4 Incomplete outcome data (checking for possible attrition

bias through withdrawals, dropouts, protocol deviations)

We determined for the primary outcome (i.e. smoking cessation) the
completeness of data including attrition and exclusions from the analysis
and whether an intention-to-treat analysis (i.e. reporting trial arm cessation
rates amongst all participants who were originally randomised to that arm)
was reported. We assessed whether attrition and exclusions were reported,
the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported,
and whether missing data were balanced across groups or were related to

outcomes.

5.3.3.3.5 Selective reporting bias

We determined the possibility of selective outcome reporting bias and

assessed methods as:
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e low risk of bias (where it was clear that all of the study’s prespecified
outcomes and all expected outcomes of interest to the review have been
reported);

e high risk of bias (where a prespecified outcome is not reported and there
is evidence that this is due to lack of effect or an effect deemed
unfavourable); or

e unclear risk of bias (where not all of the study’s prespecified outcomes
have been reported; one or more reported primary outcomes were not
prespecified; outcomes of interest are reported incompletely and so
cannot be used; or the study fails to include results of a key outcome
that would have been expected to have been reported, however there is

no clear evidence that this is a source of bias).

5.3.3.3.6 Other risk of bias

We considered whether there were any other additional potential sources of

bias in the study.

5.3.3.3.7 Overall risk of bias

Where a study was judged to be at low risk for all of the above domains, it
was considered to be at overall low risk of bias; where at least one
judgement of high risk of bias was made, the study was considered to be at
overall high risk of bias; and where there was no judgement of high risk,
but at least one judgement of unclear risk, the study was considered to be

at overall unclear risk of bias.

5.3.3.4 Assessment of the certainty of the evidence using the GRADE

approach

We used the GRADE approach to assess the certainty of the body of

evidence relating to the following outcomes for each comparison (NRT
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versus control) (149), as recommended in the Cochrane Handbook for

Systematic Reviews of Interventions (137):

e smoking cessation at the latest point in pregnancy (primary outcome);

¢ mean birthweight (safety outcome). We chose mean birthweight
because it can be used as a marker of multiple infant safety outcomes;

e miscarriage and spontaneous abortion (safety outcome). We chose this
alongside mean birthweight because it is an important safety outcome

that would not be reflected in the above mean birthweight outcome.

We used GRADEpro GDT to import data from Review Manager 5 in order to
create a 'Summary of findings' table (Table 1) (148, 150). A summary of
the intervention effect and a measure of certainty for the above outcomes
was produced using the GRADE approach. The GRADE approach uses five
considerations (study limitations, consistency of effect, imprecision,
indirectness, and publication bias) to assess the certainty of the body of
evidence for each outcome. The evidence can be downgraded from 'high
certainty' by one level for serious (or two levels for very serious) limitations,

depending on each of these considerations.

5.3.3.5 Measures of treatment effect

5.3.3.5.1 Dichotomous data

For dichotomous data (all outcomes except mean birthweight), including
smoking cessation, we have presented results as summary risk ratios (RR)
with 95% confidence intervals (CI). A RR > 1 for the smoking cessation
outcomes indicates benefit of the intervention. For undesirable outcomes,

such as preterm births, RR < 1 indicates benefit of the intervention.
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5.3.3.5.2 Continuous data

For mean birthweight (continuous data), we have presented the mean

difference (MD) between control and intervention groups with 95% CI.

5.3.3.6 Unit of analysis issues

5.3.3.6.1 Multiple pregnancies

The unit of analysis for smoking cessation was the trial participant,
regardless of whether she had a singleton or multiple pregnancy. For all
other outcomes, analyses were conducted amongst singleton births only;
this approach was undertaken because adverse preghancy
events/outcomes, adverse infant birth outcomes, and poorer infant
development are strongly associated with multiple pregnancy. Hence,
analysing multiple and singleton pregnancies together for these outcomes
could render review findings difficult to interpret. Outcome data from

multiple births were insufficient for these to be analysed separately.

5.3.3.6.2 Cluster-randomised trials

This study design was eligible for inclusion, however no cluster-randomised
trials were identified. If in future updates such trials are identified, we will
include them in the analyses along with individually randomised trials. We
will adjust their sample sizes or standard errors using the methods described
in Sections 16.3.4 and 16.3.6 of the Cochrane Handbook for Systematic
Reviews of Interventions (137), employing an estimate of the intracluster
correlation co-efficient (ICC) derived from the trial (if possible), from a
similar trial, or from a study of a similar population. If we use ICCs from
other sources, we will report this and conduct sensitivity analyses to
investigate the effect of variation in the ICC. If we identify both cluster-

randomised trials and individually randomised trials, we will synthesise the

96



relevant information. We will consider it reasonable to combine the results
from both if there is little heterogeneity between the study designs, and the
interaction between the effect of intervention and the choice of

randomisation unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit and
perform a sensitivity analysis to investigate the effects of the randomisation

unit.

5.3.3.7 Dealing with missing data

For the primary smoking abstinence outcome, we assumed any participants
lost to follow-up were still smoking or had relapsed to smoking, using the
Russell Standard criteria (146). At all outcome points, participants whose

smoking status was unknown were assumed to be smoking.

We used the following denominators for other outcomes.

e For the pre-birth outcomes, miscarriage/spontaneous abortion and
stillbirth, the denominator used was the number of women randomised
with viable singleton pregnancies at the time of randomisation. Where
terminations occurred after randomisation, terminated fetuses were
excluded from the denominator if terminations were performed on a
presumed viable fetus for non-medical reasons. Similarly, pregnancies
that were documented as non-viable at the point of randomisation were
also excluded from this denominator (e.g. missed abortion). Where
terminations were undertaken for medical reasons and were judged
incompatible with life, these cases were included in denominators and
also within numerators; they were counted as miscarriages if performed

before 24 weeks, and as stillbirths if conducted after this time point.
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e For mean unadjusted birthweight (i.e. the only birth outcome measured
on a continuous scale), the denominator used was the number of
singleton births for which this outcome was recorded.

e For dichotomous birth outcomes (e.g. low birthweight, preterm birth,
neonatal intensive care admissions, and neonatal death), the
denominator used was the number of live births from singleton
pregnancies.

e For infant outcomes, the number of live births was used.

For selected secondary outcomes and where appropriate and feasible, we
conducted sensitivity analyses to investigate the impact of missing data on

pooled treatment effect estimates.

For all outcomes, we carried out analyses, to the greatest degree possible,
on an intention-to-treat basis (caveats outlined above); we attempted to
include all participants randomised to each group in analyses, and all
participants were analysed in the group to which they had been allocated

regardless of whether or not they received the allocated intervention.

5.3.3.8 Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis visually by
inspecting the overlap of 95% Cls for the individual studies on the forest
plots. We quantified heterogeneity using the 12 statistic (137). We regarded
heterogeneity as substantial and hence worthy of further investigation (see
Subgroup analysis and investigation of heterogeneity) if the 12 was greater

than 50%.

5.3.3.9 Assessment of reporting biases

As there were fewer than 10 studies in all meta-analyses, we did not draw

funnel plots to assess the potential for reporting bias. If in future updates

98



of this review there are 10 or more studies, we will investigate reporting
biases (such as publication bias) using funnel plots. We will assess funnel
plot asymmetry visually if asymmetry is suggested by a visual assessment,

and we will perform exploratory analyses to investigate it.

5.3.3.10 Data synthesis

We carried out statistical analysis using Review Manager 5 software (148).
Following the standard methods of the Cochrane Tobacco Addiction Group
for pharmacological interventions, we elected to use a fixed-effect model for
meta-analyses of smoking abstinence data. For meta-analyses of safety and
adverse events data, we used random-effects models, as effects are likely

to vary across populations due to significant differences in baseline risk.

5.3.3.11 Subgroup analysis and investigation of heterogeneity

We performed an exploration of heterogeneity for primary and secondary
outcomes where the I2 was greater than 50%. Additionally, for smoking
cessation outcomes, we performed subgroup analyses based on the

following groups.

1) Placebo-controlled versus non-placebo-controlled RCTs

2) Studies using different types of NRT, both alone and in combination (i.e.
fast-acting NRT and nicotine patch)

3) Low-dose NRT (< 10 mg/24 hours) versus high-dose NRT (> 10 mg/24

hours)

For secondary outcomes, where the 12 was greater than 50% (indicating
substantial heterogeneity), we also performed these subgroup analyses as
an exploration of heterogeneity; however, they were not conducted
routinely for all secondary outcomes due to too few studies included in the

meta-analyses.
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We assessed differences between subgroups statistically using subgroup

interaction tests, and have presented the P values from these tests.

If in future updates of the review more than 10 studies are included in a
meta-analysis, we may consider performing meta-regression to further
explore reasons for heterogeneity or to analyse adherence data. A caveat
to using this method for adherence data is that there is currently no
standard method for reporting adherence; however, for meta-regression to

be undertaken, studies must report adherence data similarly.

5.3.3.12 Sensitivity analysis

We planned two sensitivity analyses using smoking cessation outcomes,

depending on the availability of data.

1) Excluding studies rated at high risk of bias overall.

2) Excluding any studies that reported substantially lower treatment
adherence than others. As there is no consensus on what constitutes
good or acceptable adherence to NRT in pregnancy, we anticipated
defining 'low adherence' after consideration of adherence data reported

within the included studies.

We were unable to carry out these analyses for the current review
(explanations follow in the Results section); they will be undertaken in

future review updates, data permitting.

5.4 Results

5.4.1 Results of the search

We carried out an updated search of the Cochrane Pregnancy and Childbirth
Group’s Trials Register on 20 May 2019 and identified 14 trial reports for
potential inclusion. We also deemed a further study, which had recently
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been published and so was not identified by searches, as potentially relevant
(151). We identified a total of 15 trial reports for title and abstract

screening, of which eight studies were clearly not RCTs and were excluded.

We obtained the full text of the seven remaining records for screening. We
excluded one article (152), assessed four articles as ongoing studies (see
below), and included one article in this update (151). Details of the flow of
studies for this update are recorded in a PRISMA diagram in Figure 16.
Eight trials included in previous versions of this review are also included in

this update (51-58).

This updated review therefore includes a total of 9 trials (30 reports). It
contains data from one additional trial published since the previous version
(151), and involves a total of 2336 pregnant women who smoked at study
baseline. We added two newly identified follow-up reports for each of two
previously included trials, Coleman et al., 2012 (52) and Berlin et al., 2014

(51).
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Figure 16 PRISMA flow diagram for updated review search.
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Nine studies investigated the efficacy of different forms of NRT (51-58, 151).
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5.4.2.2 Nicotine replacement therapy studies

All included studies investigated the efficacy of NRT provided with
behavioural support and compared this with either behavioural support
alone or support plus a placebo, therefore studies measured the effect of
NRT provided as an adjunct to behavioural support. Six papers described
placebo-controlled RCTs (51-55, 151). Three trials compared NRT plus
behavioural support with behavioural support alone (56-58); thus,
participants in these studies could not be blinded to treatment. Two studies
used fast-acting NRT, one using nicotine gum (53), and the other nicotine
inhalers (151); six trials used nicotine patches (51, 52, 54-57); and one
offered a choice of NRT formulations: approximately two-thirds of
participants chose patches, whilst the remainder elected to use gum and

lozenges (58).

Oncken et al., 2008 (53) used 2 mg nicotine gum, and Oncken et al., 2019
(151) used 4 mg nicotine inhalers. Four studies used 15 mg/16-hour
nicotine patches (52, 55, 57, 58); one of these used a higher nicotine dose
(21 mg/24 hours removed at night) for participants who reported smoking
more than 15 daily cigarettes (58). Two studies attempted to match nicotine
doses prescribed with either saliva,(51), or urinary cotinine levels (56),
obtained at earlier appointments. Depending on cotinine levels, women in
one study were treated with combinations of 10 mg and 15 mg 16-hour
patches (51), and in the other study with 21 mg, 14 mg, or 7 mg 24-hour
patches, with instructions to remove these at night (56). One trial advised
women to use trial treatments from randomisation until childbirth,
irrespective of whether or not they had relapsed to smoking (51), and
another trial encouraged continued use of treatment for six weeks as long

as the woman was actively trying to quit smoking (151). Other trials advised
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women to stop using NRT if they restarted smoking and had a defined period

for use of NRT.

5.4.2.3 Setting

Studies were conducted in the USA (n = 4) (53, 56, 58, 151), Australia (n
= 1) (57), Canada (n = 1) (54), Denmark (n = 1) (55), France (n = 1) (51),
and England (n = 1) (52). All trials were conducted in public hospitals or

antenatal clinics.

5.4.2.4 Outcomes

In one study, smoking cessation was ascertained between 20 and 28 weeks'
gestation (54); however, in all other studies this was ascertained at 32
weeks or later. In all of the included studies, biological samples were
obtained from participants, and after any required clarification from the
authors we determined that all used such samples to validate reported
cessation at the primary endpoint: four studies used exhaled carbon
monoxide (53, 56, 57, 151); three saliva cotinine (51, 55, 58); and one
used both exhaled carbon monoxide and saliva cotinine (52). One study
reported both thiocyanate and cotinine concentrations (54). For two studies,
cut points were obtained from the trial authors (55, 58), and we obtained
further data on biochemical validation from the authors of a trial that used
a higher-than-standard cut point for saliva cotinine (26 ng/mL) (55). This
revealed that the cotinine assay used had a lower limit of 20 ng/mL, which
was also above the currently accepted cut point of 10 ng/mL, so some
women who smoke may have been wrongly categorised as abstinent in this

study.

The periods of abstinence from smoking that participants were required to

demonstrate varied across studies. For smoking outcomes measured at
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delivery, three studies reported both seven-day point prevalence abstinence
from smoking and a measure of continuous abstinence simultaneously (51,
52, 58); however, definitions varied. One study (52), permitted a small
number of temporary lapses to smoking as recommended by the Russell
Standard criteria for outcome measurement in smoking cessation studies
(146). The remaining two studies did not permit temporary lapses and
defined continuous abstinence as seven-day point prevalence abstinence
recorded on three (58), or up to seven occasions (51). Four studies reported
only seven-day point prevalence abstinence (53, 55, 58, 151), and three
reported point prevalence abstinence for an unstated period (54, 56, 57).
Four studies reported seven-day point prevalence abstinence data at time
points after childbirth: Wisborg et al., 2000 (55) provided data at three and
12 months postnatally; Coleman et al., 2012 (52) at six, 12, and 24 months;
Oncken et al., 2008 (53) at six to 12 weeks (biochemically validated data);
and Pollak et al., 2007 (58) at three months. Additionally, Coleman et al.,
2012 (52) reported continuous abstinence between a quit date and each
time point, allowing for temporary lapses too. Two studies reported self-

reported maternal smoking at 12 months after childbirth (52, 55).

Infant and fetal safety outcomes were reported in seven studies (51-53, 55,
56, 58, 151). All seven of these studies reported mean birthweight and
mean gestation age at delivery, and all reported the incidences of low
birthweight births (defined as below 2500 g). Six of these studies reported
rates of preterm birth defined as born before 37 weeks' gestation (51-53,
55, 58, 151). Six studies reported rates of miscarriage/spontaneous
abortion and stillbirth (51-53, 55, 58, 151), and four trials also reported
infants’ rates of special care admission and neonatal death (51-53, 58). Two
trials reported data on maternal hypertension in pregnancy or measured

arterial blood pressure at each visit (51, 52), three trials reported rates of
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congenital malformation (51, 52, 151); and two of these three trials
reported rates of caesarean section (51, 52). Two trials reported single and
multiple pregnancy data together, but authors supplied data for singleton

pregnancies separately (51, 58).

With regard to the pre-birth fetal outcomes of miscarriage/spontaneous
abortion and stillbirth, Oncken et al., 2008 (53) reported that, within
singleton pregnancies, three control group participants had terminations
that were performed for social reasons (presumed healthy fetus), so these
fetuses were removed from the denominator for control group analyses
(control group n = 91). Also, Pollak et al., 2007 (58) reported one fetal
death prior to randomisation that was documented by ultrasound scanning
(i.e. a 'missed abortion') in the NRT group, so this fetus was removed from
the denominator for the NRT group (NRT group n = 121). Coleman et al.,
2012 (52) reported one termination and one fetal death prior to
randomisation in women allocated to NRT, so these two cases were removed
from the NRT group denominator (NRT group n = 515). Berlin et al., 2014
(51) reported one termination in each trial group, both of which were
conducted for fetal abnormalities that were assessed as not being
compatible with survival at birth. Consequently, as these terminations were
undertaken at 25 (placebo group) and 32 weeks, they have been counted

as stillbirths in the analysis and remained in the denominator as well.

Coleman et al., 2012 (52) additionally reported infants' "survival without
developmental impairment" and respiratory symptoms at two years of age

and self-reported maternal smoking at six and 24 months after childbirth.

5.4.2.5 Ongoing studies

One study reported as ongoing in the previous review has now completed,

with results published, and is now an included study in this review (151).
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Two further NRT studies were identified as ongoing (153, 154). One study
appears to offer NRT as part of a multicomponent intervention (153), which
would likely not be included in this review; however, we will wait for further
information to become available before making a decision to exclude. The
other study, based in Iran, is currently aiming to recruit 1050 pregnant
women to a RCT testing 15mg/16-hour nicotine patches versus a placebo
control (154). This study appears to be eligible for inclusion in any future

updates of this review.

5.4.3 Excluded studies

We excluded one trial following full-text screening in this update (152). This
was a pilot cluster-randomised step-wedge trial, where NRT was part of a
multimodal intervention that provided educational resources to health
providers at aboriginal medical services. We judged that due to the study
design and the multimodal intervention strategy, it was not possible to

identify the independent effect of NRT on smoking cessation from this study.

5.4.4 Risk of bias in included studies

We judged four of the nine included studies to be at low overall risk of bias
(51-53, 55), three as at high risk of bias (56-58), and the remainder unclear

risk of bias (Figure 17).
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Figure 17 Methodological bias summary: review authors' judgements about
each methodological bias item for each included study.

5.4.4.1 Allocation (selection bias)

Computer-generated random number sequences were used to generate
randomisation in most studies. One study used urn randomisation (a
method that is systematically based in favour of balancing of covariates,
preserving randomization as the primary basis for assignment to treatment
(155)) and was judged to be at low risk of bias for random sequence
generation, but was unclear for allocation concealment due to insufficient
detail (151). One study used sealed envelopes after random numbers had

been generated, but it was not clear if these were opaque and sequentially
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numbered (57); we therefore judged this study to be at unclear risk of bias

for allocation, whilst the others were rated as satisfactory (low risk of bias).

5.4.4.2 Blinding (performance bias and detection bias)

We judged studies that had no placebo control to be at a high risk of bias,
which was the principal difference between studies that was likely to cause
bias. Six trials were placebo-controlled RCTs (51-55, 151), and three studies
compared behavioural support alone with NRT and behavioural support (56-

58).

As all included trials biochemically validated self-reported smoking
outcomes, detection bias is not a major issue for this review. However, one
included study used a cut point for saliva cotinine (26 ng/mL) that was
substantially higher than the currently accepted level (10 ng/mL) and,
additionally, used an assay with a lower limit of measurement of 20 ng/mL
(i.e. samples in the 0 to 20 ng/mL range were reported as 20 ng/mL) (55).
This means that some of the participants who may have falsely reported
themselves as not smoking in this study might have had their false reports
of abstinence validated as true (i.e. some participants who were actually
smoking might not have had this detected by the validation process). Of
course, no validation process is perfect, and, using any cut point, some false
reports of cessation would be accepted to be true, but with a known high
cut point as in Wisborg et al., 2000 (55), this would be expected to occur
more frequently. However, the use of biochemical validation in this study
would still be expected to detect heavier smoking in those who made false
reports of abstinence, so validated data from this study were still used in

preference to self-report data.
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5.4.4.3 Incomplete outcome data (attrition bias)

We judged all studies to be at low risk of bias for smoking abstinence
outcomes; all studies carried out an intention-to-treat analysis, so that
those participants who could not be contacted at follow-up were assumed
to have returned to smoking. It should be noted that this assumption is
conservative and is the standard approach taken when assessing the
efficacy of smoking cessation interventions. Follow-up for birth outcomes
was generally high with one exception: the treatment group allocation for
seven women who experienced miscarriage after being randomised within
one study could not be ascertained (55); as this was not the primary

outcome, we assessed this trial as at low risk of attrition bias.

5.4.4.4 Selective reporting (reporting bias)

We judged three studies as at unclear risk of reporting bias. Hotham et al.,
2006 (57) collected data on a number of outcomes that were not reported
in the trial manuscript; however, it is unclear whether this was a source of
bias. We requested birthweight information from Hotham et al., 2006 (57)
for our meta-analysis but were unable to obtain it. EI-Mohandes et al., 2013
(56) informed us that within their trial, some data on secondary smoking
cessation outcomes were collected, but this information was not reported in
the trial manuscript; however, primary outcomes were reported. Kapur et
al., 2001 (54) did not report any birth outcomes. We judged the remaining

six studies to be at low risk of reporting bias.

5.4.4.5 Other potential sources of bias

We identified an unanticipated potential source of bias in one study (56):
two participants were screened and randomised on two separate occasions,

with each pregnancy counted as a discrete study participation, and both
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women included in the trial analysis twice. We considered this as potentially

introducing bias into what was a relatively small study, and so judged this

study as at high risk of bias.

5.4.5 Effects of interventions

Data were not identified for all pre-specified outcomes. Where data were

available this is summarised below.

5.4.5.1 Primary outcomes (efficacy)

In a pooled analysis of nine included studies and 2336 participants, we found

evidence that the use of NRT, as an adjunct to behavioural support, may

result in a clinically significant improvement in smoking cessation rates in

later pregnancy relative to control (risk ratio (RR) 1.37, 95% confidence

interval (CI 1.08 to 1.74; 12 =

NRT Control
Study or Subgroup  Events Total Events Total Weight

34%; Figure 18).

1.1.1 Placebo-controlled trials

Oncken 2019 7 70 12 67 11.6%
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Coleman 2012 49 521 40 828 3ITT%
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We carried out a subgroup analysis splitting the studies by comparator type
- placebo or no placebo- and found evidence of a subgroup difference (P =
0.008; Figure 18). In the subgroup that compared active NRT with placebo,
heterogeneity between studies was substantially reduced (I2 = 0%),
however the CIs incorporated the potential for both no effect and a benefit
of NRT for smoking cessation (RR 1.21, 95% CI 0.95 to 1.55; 6 studies,
2063 women; Figure 18), whereas the estimate derived from non-placebo-
controlled trials indicated only benefit (RR 8.55, 95% CI 2.05 to 35.71; I2
= 0%, 3 studies; 273 women), but was limited by substantial imprecision.
When analysing the data split into fast-acting and nicotine patch subgroups,
the test for subgroup differences provided no evidence that the effect of

NRT differed by type (P = 0.08; Figure 19).

NRT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.2.1 Long-acting NRT
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El-Mohandes 2013 ] 26 0 26 0.5% 11.00[064,189.31] +
Hatham 2006 3 20 0 20 0.5%  TF.00[0.38,127.37 >
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Follak 2007 17 122 1 59 1.3% 822112 60.31] e ——
Wishorg 2000 22124 17 126 16.0% 1.31[0.73, 2.35] ™
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Heterogeneity: Chi®=1.97, df=1 (P=016); F= 49%
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Figure 19 Forest plot of nicotine replacement therapy versus control,
outcome: Validated cessation in later pregnancy (subgrouped by NRT type).

We planned to carry out a sensitivity analysis removing all studies judged
to be at high risk of bias. The six studies that did not have a high risk of

bias for any domain were the same six studies in the placebo-controlled
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trials subgroup. This analysis and resulting 95% CI found evidence of
potentially no clear effect of NRT, as well as the potential for benefit,
therefore its interpretation does differ very slightly from that of the overall
pooled analysis (Figure 18). We were unable to conduct the planned
sensitivity analysis relating to adherence to treatment as trials reported
adherence so differently that it was not possible to categorise one or more
trials as having substantially worse or better treatment adherence than

others.

We investigated the impact of NRT as an adjunct to behavioural support on
cessation at time points after childbirth by pooling data from studies that
provided postnatal follow-up data on smoking behaviour. In a pooled
analysis of studies that reported non-validated seven-day point prevalence
smoking abstinence up to six months after childbirth (predominantly at or
around three months), there was no clear evidence that NRT compared to
control was effective for smoking cessation, as Cls incorporated both
potential benefit and harm of the intervention (RR 1.22, 95% CI 0.84 to
1.78; 12 = 0%, 3 studies, 625 women; Figure 20). There was no statistical
difference when comparing studies that were placebo controlled to the one
study that was not (P = 0.59). Similarly, the pooled estimate for non-
validated seven-day point prevalence smoking abstinence when comparing
NRT to placebo at one year after childbirth resulted in CIs that incorporated
both a small potentially negative effect of NRT, as well as a potentially
positive effect at this time point (RR 1.35, 95% CI 0.97 to 1.88; 12 = 5%,

2 studies, 1296 women; Figure 21).
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Figure 20 Forest plot of nicotine replacement therapy versus control,
outcome: Self-report cessation at 3 or 6 months after childbirth
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Figure 21 Forest plot of nicotine replacement therapy versus control,
outcome: Self-report cessation at 12 months after childbirth

The one study that monitored continuous cessation from a quit date set in

preghancy to postnatal time points alongside seven-day point prevalence

abstinence data collected at the same time points reported higher point

prevalence than continuous cessation rates at each time point, and rates of

continuous cessation until two years after childbirth were low (2.9% in the

NRT group versus 1.7% in the placebo group, P = 0.20) (156).

5.4.5.2 Secondary safety outcomes

Two study papers reported birth outcomes from single- and multiple-birth

infants together (51, 58); the authors kindly provided data on birth
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outcomes within singleton pregnancies only to enable data from those

studies to be included in the meta-analyses.

5.4.5.2.1 Miscarriage/spontaneous abortion

There was no evidence of a difference in risk of miscarriage/spontaneous
abortion between the NRT and control group, and CIs incorporated the
possibility of both potential benefit and harm of the intervention (RR 1.60,
95% CI 0.53 to 4.83; 12 = 0%, 5 studies, 1916 women; Figure 22).
However, despite contacting the study authors, we could not determine the
treatment allocation for seven miscarriages from one study, which is not
included in this comparison (55). If we assume that all miscarriages from
this study occurred in either the NRT or the control group (i.e. the extremes
of how these could actually be distributed), this results in the following effect
estimates: all assumed in the NRT group: RR 2.15, 95% CI 0.77 to 6.02;
all assumed in the control group: RR 1.06, 95% CI 0.38 to 2.97. This has

no effect on the interpretation of the results.

NRT Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berlin 2014 1 189 1 188 160% 0.99[0.06,15.79] —
Coleman 2012 3 &1a 2811 384% 1.82[0.25,9.04] —
Oncken 2008 2 100 1 91 M.5% 1.82[017,19.74] e e —
Oncken 2019 1 67 0 67 121% 3.00([012, 72.35] I
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Figure 22 Forest plot of nicotine replacement therapy versus control,
outcome: Miscarriage and spontaneous abortion
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5.4.5.2.2 stillbirth

Similarly, there was no evidence of a difference between the numbers of
stillbirths in the NRT and control groups (RR 1.24, 95% CI 0.54 to 2.84; 12

= 0%, 4 studies, 1777 women; Figure 23).

NRT Control Risk Ratio Risk Ratio
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Oncken 2008 2 100 1 91 121% 1.82[017,19.74] I e —
Pollak 2007 2 114 1 59 121% 0.49[0.08, 1072 e E—
Total (95% CI) 920 857 100.0% 1.24 [0.54, 2.84] -‘-—
Total events 14 10
Heterogeneity: Tau‘:. 0.00; Chi*=1.33,df=3{F=072), F=0% 'D.D1 DH 1'0 1DD'
Test for overall effect: Z=0.51 (P=0.61) Favours NRT Favours control

Figure 23 Forest plot of nicotine replacement therapy versus control,
outcome: Stillbirth

5.4.5.2.3 Mean unadjusted birthweight

Despite the pooled estimate for birthweight being higher for the NRT group
than for the control group, there was no evidence of a difference of mean
birthweight between the NRT and control groups (mean difference (MD)
99.73 g, 95% CI —6.65 to 206.10; I2 = 70%, 7 studies, 2202 women;
Figure 24). Heterogeneity was high; the result for this comparison must
therefore be interpreted with caution. The reasons for this heterogeneity are
unclear; it is not easily explained by study design as one large placebo-
controlled RCT (52), and a smaller non-placebo-controlled one (58), both
reported non-significantly lower birthweight in NRT group infants, in

contrast to other studies.
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NRT Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean 8D Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.7.1 Placebo-controlled trials

Berlin 2014 3,078 G648 189 3,024 582 188 17.2% 54.00[-70.32,178.32] N e —
Coleman 2012 3,180 610 521 3200 590 521 20.4% -20.00 [-92.87,52.87] i

Oncken 2008 3,287 566 93 2950 653 90 13.8% 337.00[159.71,514.29] —_—t
Onecken 2019 3,141 562 BY 3,037 584 67 12.9% 104.00[90.07, 298.07] +
Wishorg 2000 3,457 BOS 124 3,271 605 126 15.6%  186.00[36.00, 336.00] e —
Subtotal (95% CI) 994 992  79.9%  119.01 [4.24, 242.25] | e ——

Heterogeneity: Tau®= 14376.00; Chi*= 1692, df= 4 {P = 0.002); F=76%
Test for averall effect 7=1 88 (P =0.08)

1.7.2 Non-placebo-controlled trials
E-Mohandes 2013 3,203 588 25 2897 482 25 B1% 206.00[-92.04, 504.04]

Pollak 2007 3,063 B81 108 3148 G48 A7 11.0% -94.00[306.28,116.29) *
Subtotal {95% Cl) 134 82 20.1% 36.30 [-256.10, 328.08] e —
Heterogeneity: Tau®= 27928.43; Chi*= 2.61, df=1 (P = 0.11); = 62%
Test for overall effect Z=0.24 (F=0.81)
Total (95% Cl) 1128 1074 100.0%  99.73 [-6.65, 206.10] ——et—
| ‘

I e CePo = " " | ‘
Heterogeneity: Tau® = 13067.68; Chi*= 19.88, df= 6 (P = 0.003); F= 70% Sh T

Testfor overall effect Z=1.84 (P=0.07) Favours contral  Favours NRT

Testfor suboroup diferences: Chi*= 0.26. df=1 (P = 0.611. F=0%

Figure 24 Forest plot of nicotine replacement therapy versus control,
outcome: Mean birthweight (g)

5.4.5.2.4 Low birthweight (less than 25009g)

There was a lower incidence of low birthweight births in women in the NRT
group, but again this was not significant and was found in the context of
much heterogeneity, so caution is again warranted (RR 0.69, 95% CI 0.39
to 1.20; 12 = 69%, 7 studies, 2171 women; Figure S1). The pattern of
heterogeneity was once again difficult to understand: the same two studies
reported non-significantly higher rates of low-birthweight infants in the NRT

arm (52, 58).

5.4.5.2.5 Preterm birth (less than 37 weeks’ gestation)

Analyses of rates of preterm births (RR 0.81, 95% CI 0.59 to 1.11; I2 =
21%, 7 studies, 2182 women; Figure S2) resulted in CIs spanning one,

incorporating the potential for both benefit and harm.
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5.4.5.2.6 Neonatal intensive care unit admissions

There was no evidence of a difference in risk of neonatal intensive care unit
admissions between the NRT and control groups (RR 0.90, 95% CI 0.64 to

1.27; 12 = 0%, 4 studies, 1756 women; Figure S3).

5.4.5.2.7 Neonatal death

Similarly, there was no evidence of a difference in risk of neonatal deaths
between the NRT and control groups (RR 0.66, 95% CI 0.17 to 2.62; 12 =

0%, 4 studies, 1746 women; Figure S4).

5.4.5.2.8 Caesarean section

A meta-analysis of rates of caesarean birth suggested no clear evidence for
a benefit or harm of NRT (RR 1.18, 95% CI 0.83 to 1.69, 12 = 46%, 2 studies

(51, 52), 1401 women; Figure S5).

5.4.5.2.9 Congenital anomaly

The same two studies that reported caesarean section, also reported
congenital anomalies. The meta-analysis found no clear evidence for a
benefit or harm of NRT (RR 0.73, 95% CI 0.36 to 1.48, I2 = 0%, 2 studies

(51, 52), 1401 women; Figure S6).

5.4.5.2.10 Maternal hypertension

The three studies that provided data on blood pressure (BP) reported these
in different formats: Coleman et al., 2012 (52) reported that 24 (4.6%) in
the NRT group compared to 25 (4.7%) in placebo were noted to have
hypertension in pregnancy (i.e. BP of greater than 140/90 mmHg) on at
least two occasions (no statistical comparison presented). Berlin et al., 2014

(51) reported significantly higher median diastolic BP in the NRT group
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(median BP = 70, interquartile range (IQR) = 60 to 80 mmHg) compared
to placebo (median BP = 62, IQR = 60 to 80 mmHg) (P = 0.02). Berlin et
al., 2014 (51) also reported an interaction between treatment group and
time (i.e. during pregnancy) for increases in diastolic BP, though absolute

increases in BP were small.

5.4.5.2.11 Infant respiratory symptoms

Coleman et al., 2012 (52) and Berlin et al., 2014 (51) also reported the
distribution of mechanical ventilation of infants between NRT and placebo

groups; no statistically significant differences were noted.

5.4.5.2.12 Infant development

Coleman et al., 2012 (52) was the only included study that reported infant
outcomes after the neonatal period. Using a composite, self-report outcome
based on the Ages and Stages Questionnaire, 3rd edition (ASQ-3)
instrument (157), significantly better infant developmental outcomes were
observed in infants born to women who had been randomised to NRT
compared to those in the placebo group. The odds ratio (OR) for infants
reaching two years of age 'without developmental impairment' (i.e. normal

development) was 1.40 (95% CI 1.05 to 1.86).

5.4.5.3 Adherence and adverse effects

Where adherence was reported, this was generally low, as the majority of
participants in all studies did not use complete courses of the NRT offered
(Appendix A). Berlin et al., 2014 (51) differed from other studies in that
transdermal patches were offered to women at 3 time points between their
quit dates and delivery, whereas other studies offered NRT once. Much

higher self-reported adherence rates were noted in this study; however, it
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is difficult to reconcile these with reported rates of intervention

discontinuation, and direct comparison with other studies was not possible.

5.4.5.4 Non-serious adverse effects

Only a narrative reporting of non-serious adverse effect data was possible
due to wide ranging effects. Six NRT trials reported non-serious adverse
effects (51-53, 55, 57, 151). One trial reported their frequency within
women using NRT, noting that five (25%) women in the NRT group
experienced minor symptoms, and two women stopped using patches after
unpleasant effects (57); however, non-serious adverse effects were not
monitored in the control group, so this figure is difficult to interpret. Oncken
et al., 2008 (53) reported that at least 10% of participants experienced
headache, dizziness, fatigue, heartburn, nausea or vomiting, with 14 (15%)
in the NRT and 12 (12%) in the control groups discontinuing treatment due
to adverse effects. Wisborg et al., 2000 (55) noted that 11 women stated
that adverse effects (e.g. skin irritations and headache) made them
discontinue patches, but did not report treatment allocations; this trial also
reported that five women experienced palpitations and two nausea.
Coleman et al., 2012 (52) noted 535 non-serious adverse events reported
by 521 NRT group participants and 450 reported by 529 placebo group
participants. Berlin et al., 2014 (51) reported a range of non-serious
adverse events, noting that more non-gynaecological ones occurred in the
NRT group, but this was principally due to skin reactions. In this study, 11%
of participants in the NRT group suffered a skin reaction at the patch site
compared with 4% in the placebo group. Oncken et al., 2019 (151) reported
a significantly higher number of adverse effects in women using the nicotine
inhaler (11%) than the placebo inhaler (0%) (P = 0.008). These adverse
events included throat irritation, cough, and nausea. Furthermore, two

women in this study were discontinued from the nicotine inhaler group due
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to repeated elevations in cotinine concentrations exceeding more than 40%

of their baseline cotinine concentration.

5.5 Discussion

5.5.1 Summary of main results

Overall there is low-certainty evidence that NRT used alongside behavioural
support by pregnant women for smoking cessation may increase smoking
abstinence in late pregnancy (Table 1). Caution is required when
interpreting this pooled estimate, as subgroup analyses revealed potentially
different treatment effects when comparing NRT to placebo-controlled
versus non-placebo-controlled studies. These findings may be due to
unexplained biases potentially within the less robust, non-placebo-
controlled trials. The actual efficacy of NRT used for smoking cessation in
preghancy is uncertain and may be lower than the pooled summary estimate
(Figure 18). Further subgroup analysis found no evidence that the effect
of NRT on abstinence is moderated by the type of NRT used, that is patches
versus fast-acting NRT, and there was no consistent evidence of NRT having

either a positive or negative impact on birth outcomes.
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Table 1 Summary of findings table

Nicotine replacement therapy compared to control for smoking cessation during pregnancy

Patient or population: pregnant women who smoke

Setting: public hospitals and antenatal clinics (Australia, Canada, Denmark, France, the UK, the USA)
Intervention: nicotine replacement therapy

Comparison: placebo plus similar/matched behavioural support or similar/matched behavioural support only

Anticipated absolute
effects™ (95% CI)

Risk with N° of Certainty of
placebo/no Risk with Relative effect participants the evidence
Outcomes NRT NRT (95% CI) (studies) (GRADE) Comments
Biochemically validated smoking cessation Study population RR 1.37 2336 SISISIS)
at the latest point in pregnancy (20 weeks' g per 100 12 per 100 (1.08to 1.74) (9 RCTs) LOW 1?2
gestation or more) (10 to 16)
Mean birthweight (g) Study population MD 99.73 g 2202 SIS ISIS)
3139 g3 3239¢g (=6.65 g to
(3132gto 206.109) (7 RCTs) LOW 4°
3345 g)
Miscarriage and spontaneous abortion Study population RR 1.60 (0.53 to 1916 CISISIS)
0 per 100 1 per 100 (0 4-83)
to 2) (5 RCTSs) LOW 6

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; NRT: nicotine replacement therapy; RCT: randomised controlled trial; RR: risk ratio
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GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the

effect, but there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the

effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the

estimate of effect.

Footnotes

!Downgraded one level due to serious risk of bias: in the subgroup of studies at low or unclear risk of bias the effect was no longer statistically significant, and there were
significant subgroup differences when comparing these studies to the three studies judged to be at high risk of bias (P = 0.008).

’Downgraded one level due to serious imprecision: there were only 253 events in total (300 to 400 recommended for dichotomous outcomes), and confidence intervals
span both minimal clinical benefit and considerable clinical benefit.

3Control risk based on observed birthweights in the control arms.

“Downgraded one level due to serious inconsistency: 12 = 70%, not explained by subgroup differences.

>Downgraded one level due to serious imprecision: confidence intervals encompass no difference as well as a clinically significant benefit.

%Downgraded two levels due to very serious imprecision: there were only 12 events in total (300 to 400 recommended for dichotomous outcomes), and confidence intervals

encompass both no difference and potential harm.
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5.5.2 Overall completeness and applicability of evidence

All of the included studies were conducted in high-income countries, with
only one study specifically recruiting women from ethnic minority
backgrounds. These findings may therefore not be applicable to low-middle-
income countries if smoking patterns of women or beliefs about using
medication in pregnancy differ, and more evidence is needed from these

populations.

An exclusion criterion for this review was unmatched additional intervention
components in the intervention or comparator arms. This means that we
can be confident that we have isolated the independent effects of the

interventions of interest to our review question.

It has been mandatory since July 2005 for clinical trials to be recorded on a
trials register. In this update we searched trials registers from inception,
therefore we are confident that we have identified all reported ongoing

trials.

The findings reported in this review are based on currently accepted,
evidence-based, biochemical verification cut points for determining
abstinence from smoking (158), rather than ones that might have been

acceptable in the past, enhancing the validity of our findings.

5.5.3 Certainty of the evidence

The included trials had varied 'Risk of bias' ratings (Figure 17). We
assessed four of the nine included studies to be at low risk of bias, three at
high risk of bias, and the remainder at unclear risk of bias. We judged the
principal difference in studies' propensity to bias to be due to the use/non-
use of placebo controls. The reduction in heterogeneity observed after

grouping trials according to this criterion seemed to validate this judgement.

124



Trials that were judged to be at an unclear risk of bias lacked information
regarding allocation concealment or did not report prespecified outcomes.
It is possible, but relatively unlikely, that the lack of information regarding

allocation concealment indicates bias.

We assessed the certainty of the evidence using the GRADE approach for
critical and important outcome measures. The GRADE assessment of pooled
data indicated that the evidence for the smoking cessation outcome in NRT
trials was of low certainty (Table 1), meaning that the true effect might be
markedly different from the estimated effect. The current evidence was
downgraded twice, once due to risk of bias: in the subgroup of studies at
low or unclear risk of bias the effect was no longer statistically significant,
and there were significant subgroup differences when comparing these
studies to the three studies judged to be at high risk of bias. We downgraded
the evidence further due to serious imprecision, as there were few events,
and confidence intervals spanned both minimal clinical benefit and
considerable clinical benefit. Both of these downgrades are subjective and
could be considered marginal, however after discussion with other reviewers
it was decided that these downgrades were justified. We assessed the
evidence for the safety outcomes in NRT trials, mean birthweight and
miscarriage, to be of low certainty. The mean birthweight outcome was
downgraded due to inconsistency where heterogeneity was high and not
explained by subgroup differences, and was further downgraded due to
imprecision, as the pooled confidence interval encompassed no difference
as well as a clinically significant benefit. Additionally, standard deviations
were relatively large for most studies. The miscarriage and spontaneous
abortion outcome was downgraded two levels to low certainty due to
imprecision, as there were too few events, and confidence intervals

encompassed both no difference and potential harm.
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The downgrading of the evidence for all outcomes due to imprecision
suggests that further research will be beneficial in increasing the reliability
and precision of effect estimates and the certainty we are able to place in

them.

5.5.4 Potential biases in the review process

We performed the search for studies in this area using the Cochrane
Pregnancy and Childbirth Group’s Trials Register. It is unlikely that studies
that have been conducted have been missed, however it is possible that
unpublished studies, or ongoing studies not registered in clinical trial
registries, could be missing. Should we identify any such studies, we will
include them in future updates of the review. Secondly, we were unable to
produce a funnel plot as there were too few studies, and it is possible there
was publication bias. In future updates where there are sufficient trials we
will be able to assess publication bias more rigorously. Finally, we aimed to
reduce bias wherever possible by having at least two review authors
independently conduct study selection, data extraction, and 'Risk of bias'

assessment.

5.5.5 Agreements and disagreements with other studies or reviews

This review explicitly assesses the efficacy and safety of pharmacological
therapies used for smoking cessation in pregnancy. Some trials of smoking
cessation in pregnancy test NRT as part of multimodal intervention
strategies, and these are included in an associated review (40). However,
this review was concerned with the efficacy and safety of NRT when used
for smoking cessation in pregnancy, and examines the independent safety

and efficacy of NRT.
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We have been unable to identify any other systematic reviews that
investigate the efficacy of smoking cessation medications in pregnancy since
the previous version of this review was published (144). A systematic review
of trials conducted in non-pregnant women has shown that NRT is effective
outside of pregnancy (159). The reasons why NRT may not be as effective
in pregnancy are not known; however, variations in adherence to NRT or
nicotine metabolism compared to the general population may play a part.
Women in trials included in the current review made relatively little use of
offered NRT. If this low adherence explains the difference in findings
between this and the 'non-pregnancy’ NRT review (159), then
understanding the phenomenon of low adherence could be important. Lack
of efficacy could also be explained by the increased metabolism of nicotine
in pregnancy (160). This may result in NRT generating lower blood nicotine
concentration in pregnancy, and this reduced nicotine substitution could, in
turn, increase women's experience of withdrawal symptoms, causing them
to stop NRT early. A recent systematic review found that pregnant women
using NRT were exposed to significantly lower concentrations of nicotine
compared to those who continued to smoke tobacco (161). Furthermore, a
secondary analysis of a trial included in our review found that pregnant
women who both smoke and use nicotine patches had similar cotinine
concentrations, smoke less, and exhale less carbon monoxide, therefore
they are likely to be exposed to fewer tobacco smoke toxins (162). An
increased metabolism of nicotine during pregnancy results in lower
exposure, and coupled with the likelihood that nicotine is unlikely to be
responsible for the majority of fetal harms caused by tobacco smoke, it is
likely that NRT is safer for the fetus than smoking (163). Logically, if in trials
to date, increased metabolism underpinned women's low adherence to NRT,

higher doses of NRT could be needed for this to be effective in pregnancy.
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5.6 Authors' conclusions

5.6.1 Implications for practice

The evidence suggests that nicotine replacement therapy (NRT) may be
effective for smoking cessation in pregnancy, however there is uncertainty
surrounding this evidence. It is also unclear whether NRT affects the risk of
adverse pregnancy and infant outcomes, but there is no evidence that it is
harmful. One study suggests that NRT improves child development

outcomes at two years.

5.6.2 Implications for research

As adherence to NRT in pregnant women is low, further research should
seek to understand why this is and improve it and use an appropriate
behavioural strategy to enhance adherence in future trials of NRT.
Qualitative studies could add further context as to why adherence to NRT in

preghancy is low.

In the general population, there is evidence that 25 mg/16-hour patches
are more effective than 15 mg/16-hour patches (164); most studies in this
review used 15 mg patches. Consequently, trials are needed in pregnant
women using either higher-dose nicotine patches or combination of patch

plus rapid-acting forms of NRT, which are also more effective (164).

There is a strong case for further trials to examine the effectiveness and
safety of NRT against placebo. NRT leads to lower blood nicotine
concentrations than when smoking and is effective in the general population
(159), however there are also reasons why it may be less effective for
preghant women than for the general population, and the evidence in
pregnant women is uncertain. The following chapter discusses whether
conducting more trials is futile, and if not, how many more participants
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would be needed in further trials to ascertain whether NRT is an effective

treatment for smoking cessation in pregnancy.
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Chapter 6: Trial Sequential Analysis of the
efficacy of nicotine replacement therapy for

smoking cessation during pregnancy
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6.1 Introduction

In Chapter 5 a systematic review and meta-analysis was performed to
assess the efficacy of NRT used during pregnancy for smoking cessation.
This review found that NRT use, together with behavioural support, is 37%
more effective for smoking cessation in pregnancy relative to control (RR
1.37, 95% CI 1.08 to 1.74). However, subgroup analysis of only placebo-
controlled studies found a more conservative estimate of effect, which is
deemed not significant by traditional measures of statistical significance (RR
1.21, 95% CI 0.95 to 1.55). From these traditional meta-analyses, it is
unknown whether the intervention effects are spuriously overestimated
(type I error) or spuriously underestimated (type II error) due to insufficient
randomised participants (165). Chapter 3 introduces a method called trial
sequential analysis which may overcome these issues. In this chapter we
apply trial sequential analysis methods to the meta-analyses conducted in
Chapter 5, for the primary outcomes in the Summary of findings table
(biochemically validated smoking cessation at the latest point in pregnancy;

mean birthweight; and miscarriage and spontaneous abortion).

6.2 Aim

The aim of this chapter is to determine whether there is sufficient
information in meta-analyses regarding the efficacy and safety of NRT for

smoking cessation in later pregnancy in Chapter 5.

6.3 Objectives

The study aim was investigated through the following objectives:

I.  To use trial sequential analysis to assess whether NRT is effective for

smoking cessation in pregnancy.
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II. To use trial sequential analysis to assess whether NRT is safe for
smoking cessation in pregnancy.

III. If unclear, to use TSA to discover whether conducting future trials is
futile, or how many participants would be required in future studies

to arrive at a firm conclusion.

6.4 Methods

TSA of a meta-analysis of RCTs in an analogous approach to interim analysis
of a single RCT (166). TSA increases the uncertainty of an intervention effect
if the cumulative information in the meta-analysis unsuccessfully achieves
the minimum number of randomised participants to detect or reject a pre-
specified clinically important effect size (104). This uncertainty is reduced if
the proportion of randomised participants is higher in relation to the
required information size. When the required information size has not been
reached, the results from the TSA are adjusted to reflect the uncertainty
through using TSA-adjusted CIs. Thus, the further the number of
randomised participants included in the meta-analysis are from the required
information size, the wider the TSA-adjusted confidence intervals. This
means that the significance level is lower to assess the uncertainty of the
point estimate (104). The required information size is calculated using the
anticipated event proportion in the control group, a pre-specified plausible
relative risk reduction or increase in the intervention group, and the

anticipated heterogeneity variance (D?) of the meta-analysis.

In this study, TSA was applied to the primary outcome of biochemically
validated smoking cessation at the latest point in pregnancy, and the
subgroup analysis by comparator. Trials were included sequentially based
on date of publication according to the year of publication, and if more than

one trial had been published in a year, we added these trials alphabetically
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according to the last name of the first author. The required information size
was estimated based on the control event proportion from the meta-
analysis; D? as suggested by the meta-analysis; an alpha (type I error) of
5%; and beta (type II error) of 90%; and an anticipated relative risk
reduction of that observed in trials with a low risk of bias. These parameters

were decided a priori, as reported in the PROSPERO record (Appendix B).

Sensitivity TSA were conducted using the same parameters as above, but
instead using a D? of the upper bound of the 95% confidence interval for

heterogeneity calculated by the TSA software.

6.5 Results

6.5.1 Trial sequential analysis for efficacy

Nine studies, including 2336 participants, reported data on smoking
cessation at the latest time-point in pregnancy. The meta-analysis found
evidence that the use of NRT, as an adjunct to behavioural support, may
result in a clinically significant improvement in smoking cessation rates in
later pregnancy relative to control (RR 1.37, 95% CI 1.08 to 1.74; 12 =
34%; Figure 18). However, this result was not confirmed by TSA (TSA
adjusted CI 0.52 to 3.64; Figure 25, Table 2). TSA analysis found that
although the Z-curve crossed the conventional significance boundary
(P=0.05) indicating a significant result for NRT, the curve did not cross TSA
monitoring boundaries, demonstrating potentially early spurious results.
The TSA reported that a further 18,708 participants from at least one
additional trial would be needed to reach a firm conclusion regarding the

effectiveness of NRT for smoking cessation in late pregnancy.
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6.5.1.1 Sensitivity analysis

Sensitivity analysis, performing TSA using the upper bound of the 95% CI
for D? (54%), was consistent with the primary analysis (TSA adjusted CI
0.52 to 3.64; Table 2). The required information size increased to 22,860,
meaning that a further 20,524 participants from at least one additional trial
would be needed to reach a firm conclusion regarding the effectiveness of

NRT for smoking cessation in late pregnancy.

Cumulative
Z-Score

2]

Informeation size = 21044

Favours
Control
= [} [) W w [ ~l
P S R S A

Number of
patients

.y 777777777777777777777777777777777777777777777777777777777# (Linear scaled)

Favours
NRT
I
-

Figure 25 Trial sequential analysis of biochemically validated smoking
cessation at the latest time point in pregnancy compared to placebo or non-
placebo control. The required information size was calculated using a =
0.05, B = 0.90, relative risk reduction = based on low biased trials, diversity
(D?) as suggested by trials, and a control event rate of 9.09%. The
cumulative Z-curve was constructed using a fixed-effects model, and each
cumulative Z-value was calculated after inclusion of a new trial (represented
by black dots). The horizontal green lines represent the conventional naive
boundaries for benefit. The etched lines represent the trial sequential
boundaries for benefit, harm, or futility (middle triangular area). The
cumulative Z-curve does not cross the TSA boundary for benefit, indicating
future trials are required. The estimated information size is 21,044, meaning
future trials would need approximately 18,708 participants in total for a firm
conclusion.

6.5.2 Placebo-controlled trials subgroup analysis

Six studies with 2063 participants reported data on smoking cessation in
pregnhancy with a placebo comparator. These studies were deemed at lower

risk of bias. However, in the conventional meta-analysis, the ClIs
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incorporated the potential for both no effect and a benefit of NRT for
smoking cessation (RR 1.21, 95% CI 0.95 to 1.55; Figure 18). This result
was confirmed by TSA (TSA adjusted CI 0.66 to 2.22; Figure 26, Table 2).
In this scenario, TSA analysis found that the Z-curve did not cross either
the conventional significance boundary or the TSA monitoring boundaries.
However, futility boundaries were not crossed, meaning performing further
trials would not be futile. Therefore, a further 8,453 participants from at
least one additional placebo-controlled trial would be needed before a firm
conclusion regarding the effectiveness of NRT for smoking cessation in

preghancy can be determined.

6.5.2.1 Sensitivity analysis

Sensitivity analysis, performing trial sequential analysis using the upper
bound of the 95% CI for D? (49%), was consistent with the primary analysis
(TSA adjusted CI 0.44 to 3.30; Table 2). The required information size
increased to 20,619, meaning that a further 18,556 participants from at
least one additional trial would be needed to reach a firm conclusion

regarding the effectiveness of NRT for smoking cessation in late pregnancy.
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Figure 26 Trial sequential analysis of biochemically validated smoking
cessation at the latest time point in pregnancy compared to placebo control
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only. The required information size was calculated using a = 0.05, B = 0.90,
relative risk reduction = based on low biased trials, diversity (D2) as
suggested by trials, and a control event rate of 9.09%. The cumulative Z-
curve was constructed using a fixed-effects model, and each cumulative Z-
value was calculated after inclusion of a new trial (represented by black
dots). The horizontal green lines represent the conventional naive
boundaries for benefit. The etched lines represent the trial sequential
boundaries for benefit, harm, or futility (middle triangular area). The
cumulative Z-curve does not cross the TSA boundary for benefit, indicating
future trials are required. The estimated information size is 10,516, meaning
future trials would need approximately 8,453 participants in total for a firm
conclusion.

6.5.3 Trial sequential analysis for safety

6.5.3.1 Miscarriage and spontaneous abortion

Five studies with a total of 1916 participants reported miscarriage and
spontaneous abortion as an outcome measure. Traditional meta-analysis
found no evidence of a difference in risk of miscarriage/spontaneous
abortion between the NRT and control group, and CIs incorporated the
possibility of both potential benefit and harm of the intervention (RR 1.60,
95% CI 0.53 to 4.83; Figure 22). This result was confirmed by TSA
analysis, however the adjusted confidence intervals were very wide (TSA
adjusted CI 0.02 to 145.85; Table 2). In this TSA analysis the z-curve again
did not cross either the conventional significance boundary or the TSA
monitoring boundaries. However, futility boundaries were not crossed,
meaning performing further trials would not be futile. In this circumstance
sensitivity analysis was not possible, as using the upper bound of the 95%
CI for D? (54%) meant that less than 5% of the required information size

was accrued.

6.5.3.2 Mean birthweight

Seven studies incorporating 2202 participants reported mean birthweight as
an outcome measure. In traditional meta-analysis, the pooled estimate for
birthweight was higher for the NRT group than for the control group, but

the CIs incorporated a small decrease in birthweight as well as a more
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substantial increase (MD 99.73g, 95% CI —6.65 to 206.10; Figure 24).
Trial sequential analysis widen the Cls further (TSA adjusted CI -64.65 to
264.11; Table 2). Like the output for miscarriage and spontaneous
abortion, futility boundaries were not crossed, so further trials would not be
futile in this instance. Sensitivity analysis using the upper bound of the 95%
CI for D? (80%), further widen the confidence intervals (TSA adjusted CI -

74.73 to 274.18; Table 2).
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Table 2 Conventional meta-analysis and trial sequential analysis outcomes.

Primary TSA!

Sensitivity TSA?

Number of
trials Conventional TSA adjusted Information TSA adjusted
Outcome (Participants) meta-analysis 95% CI size 95% CI Information size
RR 1.37
9 (95% CI
Smoking cessation (2336) 1.08 to 1.74) 0.52 to 3.64 21004 0.52to 3.64 22860
Smoking cessation RR 1.21
(placebo-controlled 6 (95% CI
trials only) (2063) 0.95 to 1.55) 0.66 to 2.22 10516 0.44 to 3.30 20619
RR 1.60
Miscarriage and 5 (95% CI Insufficient data  Insufficient data
spontaneous abortion (1916) 0.53 to 4.83) 0.02 to 145.85 34623 (<5% of IS) (<5% of IS)
MD 99.73g
7 (95% CI
Mean birthweight (2202) —6.65 to 206.10) -64.65 to 264.11 9669 -74.73 to 274.18 10970

IFor dichotomous outcomes: a 5%: B 90%:; RRR low risk of bias based; D? model variance based. For continuous outcomes: a 5%;
B 90%; RRR low risk of bias based; D? upper confidence interval based.
a: two-sided significance level, B: power; D?: diversity; CI: confidence interval; IS: information size; RR: relative risk; MD: mean
difference RRR: relative risk reduction; TSA: trial sequential analysis.
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6.6 Discussion

According to the findings from the TSA, the current evidence from nine trials
on the use of NRT during pregnancy is not sufficient to assess whether it
aids smoking cessation during pregnancy compared to control. To reach a
firm conclusion, a further 8,453 participants from at least one additional

placebo-controlled trial is required.

As discussed in Section 3.5.5, the Cochrane Collaboration evaluated and
updated their guidance on using TSA approaches in meta-analysis in their
reviews (136, 137). The authors from the Cochrane Handbook for
Systematic Review of Interventions concluded that TSA methods should not
be used in primary analyses or to draw conclusions, but could be used as
secondary analyses in reviews if they are prospectively planned and the
assumptions underlying the design are clearly justified (137). In this case,
all TSA analyses were prospectively planned, and parameters for the TSA
were decided a priori. Additionally, the results from the TSA have been
written up to avoid drawing binary conclusions and have not been influenced

by plans for future updates (137).

To overcome methodological limitations of TSA methods when
heterogeneity is present, a sensitivity analysis was performed using D? of
the upper bound of the 95% confidence interval for heterogeneity calculated
by the TSA. The findings of this sensitivity analysis show that the numbers
increase substantially when substantial heterogeneity is present and
therefore the estimate of heterogeneity (tau) needs to be robust. As there
were only few studies included in the meta-analyses the estimate of tau is
imprecise, which lead to the large increase in required information size.
Although very impractical in the scenario above, it is important to consider

whether to conduct one large multicentre trial or a number of smaller trials
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to reach information size. It may be more insightful to conduct a series of
smaller trials, as with more studies included in the meta-analysis, the

estimate of tau will be more precise.

6.6.1 Conclusions

The results from the TSA suggest that further placebo-controlled trials
comprising of a total of around 8,500 participants may be required to arrive
at a stronger conclusion surrounding NRT use for smoking cessation in
pregnancy. However, this figure may be impractical. In a period of over 18
years, only 2,083 women have been recruited to placebo-controlled trials.
Thus, substantial time and resources would be necessary to recruit four
times that amount. Furthermore, funders are unlikely to want to pay for
such large studies to be conducted, especially if the traditional meta-

analysis suggests that the intervention is likely to be effective.

Instead of focussing on NRT and how it is trialled currently, resources may
be better spent understanding why NRT does not work as effectively during
pregnancy. Chapter 7 explores one such reason - by investigating
concomitant smoking and NRT use and how this affects indicators of

smoking intensity in pregnant women.
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Chapter 7: Saliva cotinine concentrations in
pregnant women who smoke and use nicotine

patches
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7.1 Introduction

The arguments presented in this chapter have been published in Addiction

(Appendix B).

Smoking during pregnancy is the leading modifiable risk factor for poor
maternal and infant health outcomes. Pregnancy-related health problems
associated with smoking during pregnancy include complications during
labour, increased risk of miscarriage, premature birth, stillbirth and low
birth-weight (9, 11, 15). Despite this, around 12% of pregnant women in
the UK, 13% in the United States and 20% in France continue to smoke
during pregnancy (128, 167, 168). Several national guidelines have adopted
using nicotine replacement therapy (NRT) for supporting pregnant smokers
to quit, based on the idea that NRT is probably safer than smoking as it does

not contain the toxins present in tobacco smoke (138, 169).

Whilst NRT has been proven to be effective in non-pregnant smokers (49),
its efficacy in pregnancy is uncertain (59). It is unclear why the evidence
for efficacy is uncertain, however it is hypothesised that physiological
changes in pregnancy could affect nicotine’s metabolism (170). Potential
factors for the increased metabolism rate include a higher level or activity
of metabolic enzymes involved and increased blood flow through the liver
during pregnancy (68). Cotinine is the principal metabolite of nicotine, and
the clearance of nicotine and cotinine is 60% and 140% higher respectively,
during pregnancy (69). An increase in metabolic rate could signify that
nicotine supplied through standard dose NRT may be insufficient to alleviate
smoking withdrawal symptoms in pregnancy and to provide therapeutic

effects.

A systematic review and meta-analysis comparing nicotine exposure in
pregnant women when smoking, and their nicotine exposure when abstinent
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and using NRT, found that NRT exposes women to lower doses of nicotine
than smoking does (161). Generally, in studies included in this review, such
as the Smoking, Nicotine and Pregnancy (SNAP) trial, women were
instructed to discontinue use of nicotine patches if they had even brief
smoking lapses (52). This mimics routine health care, where pregnant
women are usually advised to stop using NRT if they lapse to smoking, even
for short periods. There is concern that concomitant smoking and NRT use
could increase exposure to nicotine and potentially more tobacco smoke
toxins if they smoked heavily when using NRT. However, in pregnancy this
assumption is untested, and we know little about women’s smoking
behaviour when they use NRT concurrently. This is important as women who
lapse to smoking, may still want to quit. In a non-pregnant population
continued use of nicotine patches has been found to promote recovery from
lapses (171), if this is the case during pregnancy, women may have better

chances of cessation if NRT is continued.

7.2 Aim

The aim of this chapter is to investigate the differences in indicators of
smoking intensity in pregnant women when smoking before using NRT, and

when using NRT and smoking concurrently.

7.3 Objectives

This study aim was investigated through the following objectives:

I. To investigate ‘within-participant’ differences in indicators of
smoking intensity at two different time points in pregnancy, in
women using patches and smoking concurrently, compared with

those when they only smoked
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II. Toinvestigate if these changes differed between nicotine and placebo
patch use.
III.  To investigate whether an interaction between indicators of smoking

intensity and nicotine patch assignment exist.

7.4 Methods

7.4.1 Design

This is a secondary analysis of data from the ‘Study of Nicotine Patch in
Pregnancy’ (SNIPP) (51). SNIPP was a multi-centre, double-blind,
randomised, placebo-controlled study conducted in France using 16-hour
nicotine patches. The trial randomised 402 women to either nicotine
(n=203) or placebo patches (n=199). The study was approved by the Ethics

Committee of the Pitié-Salpétriere Hospital, Paris, France.

7.4.2 Participants

Participants were eligible for inclusion in the SNIPP trial if they smoked at
least 5 cigarettes per day, were aged over 18 years, of 12-20 weeks
gestation and scored at least 5 on a scale measuring motivation to stop
smoking (range 0-10) (51). Prior to enrolment, participants attended a
baseline visit, where demographic, obstetric, physiological characteristics
and smoking behaviour data were collected, and saliva cotinine
concentrations were determined. At this stage, participants were given two
weeks to quit smoking or reduce the number of cigarettes to fewer than five
a day. If after this two-week period they were unable to do either of these,
they could be randomised, receive the study drug, and set a quit date when
treatment began. Participants were asked to stop smoking on a predefined
quit date and were randomised to either placebo or nicotine patches.
Participants were told that they could continue using nicotine patches during

smoking lapses. Moreover, patch doses were adjusted according to the pre-
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quit saliva cotinine determination to optimize the nicotine substitution; this
resulted in participants receiving a mean nicotine dose of 18 mg/day

(SD=6.8) in the nicotine patch arm.

7.4.3 Measures

In the SNIPP trial, abstinence was defined as self-reported abstinence,
confirmed by expired air carbon monoxide concentration <8 parts per
million (ppm) (Smokeanalyzer®, Bedfont Scientific Ltd, Rochester, Kent,
UK) (172). Saliva cotinine samples were collected by placing a cotton roll in
the gingival cleft for 1 minute, which was then placed immediately into a
Salivette tube (Sarstedt, Nimbrecht, Germany) (172). Samples were kept
at 4 °C and were sent to the central biochemistry laboratory (Hopital Pitié-
Salpétriére, Laboratoire de Biochimie, Dr. N. Jacob) within 24 hours for
determination (172). The quantification limit for cotinine was 7.5 ug/L and

the between-run coefficient of variation 5-8% (172).

Figure 27 shows when trial visits occurred and when measurements were
made. Saliva cotinine concentrations were determined at baseline, 2 weeks
after quit date and 8 weeks after quit date, with nicotine doses adjusted
after each of these visits at 4 weeks and 12 weeks after quit date
respectively. Nicotine doses were adjusted using a conversion factor of 0.1.
For example, a saliva cotinine concentration of 100 pg/L equated to a
prescription of one 10mg patch (51). At baseline, body mass index (BMI),
gestational age, ethnicity and Fagerstrom Test for Cigarette Dependence
(FTCD) scores were recorded. As well as at baseline; at each visit, women
reported any smoking in the previous week validated by expired air carbon
monoxide. Additionally, intensity of craving for tobacco via the French
Tobacco Craving Questionnaire, 12 items (FTCQ-12) and the number of

cigarettes smoked by the participant in the last week were assessed. The

145



SNIPP trial recorded cigarette consumption in the past week, rather than
cigarettes per day, due to large day to day fluctuations in cigarette
consumption (173, 174). Partner smoking in the previous week was also
assessed, as the second hand smoke exposure is likely to increase cotinine
measures. Women were permitted to use nicotine patches from quit date

up until delivery. A more extensive description is available elsewhere (51).

In this study we used data from women collected at 2-weeks after the quit
date and who had been allocated nicotine or placebo patches but who
reported any smoking in the previous week. A second sample of data
collected at 8-weeks after the quit date from women who had smoked in
the previous week were used as a sensitivity analysis. Not all women that
had cotinine measured at 2-weeks returned for the 8-week visit, and 8-
week data also included women who did not return at 2-weeks. We selected
women from 2-weeks after the quit date rather than 8-weeks after the quit
date for the main analysis, as this time point was earlier in gestation, and
so nicotine metabolism changes since the baseline visit would likely be small

and have less impact on findings (64).
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Baseline - cotinine
measured

Quit date after 2-week
period if cigarettes per
day =25

2 weeks after quit date
— cotinine measured

4 weeks after quit date
- nicotine dose
adjustment

8 weeks after quit date
- cotinine measured

Figure 27 Flow chart to show each planned visit in the ‘Study of Nicotine
Patch in Pregnancy’ relevant to the current study.

7.4.4 Analyses

For baseline data, continuous measures were reported as means with
standard deviations (SD), and categorical measures were reported using
frequencies and percentages. Participant and partner’s smoking in the
previous week were divided by seven, to achieve cigarettes smoked per day.
T-tests were used to assess whether there were any systematic differences

in baseline characteristics between women who were included and those
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excluded from this study. We used a natural log transformation of salivary

cotinine concentrations to achieve a normal distribution.

For both nicotine and placebo patch groups we used paired t-tests to assess
‘within-participant’” differences between cotinine, carbon monoxide,
cravings, number of cigarettes smoked by the participant, and number of
cigarettes smoked by their partner, measured at baseline and at 2-weeks.
The same analyses were conducted using data from 8-weeks. For saliva
cotinine, we present the back-transformed estimates of treatment
differences, which is the ratio of the geometric means. Next, we used linear
regression analysis to test for an interaction between the measures
mentioned above and nicotine patch assignment. We then performed an
exploratory analysis to identify whether the interactions were significant at
increasing increments of baseline values in cotinine, carbon monoxide,
cravings, number of cigarettes smoked by the participant, and number of
cigarettes smoked by their partner. Findings are presented graphically. P-
values less than 0.05 were deemed statistically significant. All analyses were

conducted using STATA 15.

After undertaking the planned analyses, we generated a Bayes factor from
the difference in saliva cotinine, using an online calculator (175). Bayes
factors enable differentiation between whether there is no evidence of an
effect, or whether it can be concluded that there is no effect. We were unable
to identify any studies that investigated nicotine intake of concurrent
smokers and NRT users in pregnancy, so an expected difference of 139.3
Hg/L was taken from a study of nicotine intake outside of pregnancy (176).
We used a conservative approach for estimation using a half-normal
distribution, where the standard deviation is equal to the expected effect

size.
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7.5 Results

7.5.1 Descriptive statistics

In the SNIPP trial, 203 women were assigned to the nicotine patch arm and
199 women were assigned to the placebo patch arm. At 2-weeks after the
quit-date, 167 (82.3%) and 148 (74.4%) women returned for the visit in
the nicotine patch and placebo patch arms, respectively. In the nicotine
patch arm, 149 (73.4%) had smoked in the week prior to the visit and 18
(8.9%) were abstinent, whereas, in the placebo group 131 (65.8%) had
smoked in the week prior to the visit and 17 (8.5%) were abstinent. Overall,
12 women had missing cotinine data at this point and were excluded from
the study, leaving a sample of 268 for analysis (146 in the nicotine group

and 122 in the placebo group).

When comparing SNIPP trial participants excluded from this study with
those included, it was found that more women in this study had a partner
that smoked. Table 3 gives baseline characteristics of women in both study
groups and, using these descriptors, both groups were broadly similar. From
the participants who provided 2-week data, those assigned nicotine patch
had a mean age of 30 years and gestational age at baseline of 12.8 weeks;
therefore, their mean gestational age at 2 weeks post quit date would be

between 16 and 17 weeks.
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Table 3 Participant baseline characteristics. n (%) or mean (standard

deviation)

Characteristic

Women on Nicotine

Patch (n=146)

Women on
Patch (n=122)

Placebo

Age (years)
BMI (kg/m?)
Gestational age at baseline
(weeks)
Ethnicity
European
African
Asian
Other
Current cigarettes smoking per
day
5-10
11-20
21-30
>30
Fagerstrom Test for Cigarette
Dependence!
Very Low
Low
Medium
High
Very High
Partner smoking
Yes
Saliva cotinine (ng/ml)
Expired air carbon monoxide

(ppm)
French Tobacco
Questionnaire score

Craving

29.70 (6.00)
25.52 (5.40)
12.75 (3.24)

139 (95)
4(3)
1(1)
2(1)

66 (45)
69 (47)
7(5)
4 (3)

32 (22)
34 (23)
29 (20)
43 (29)
8(6)

99 (69)
143.86 (82.81)

11.81 (6.70)

33.64 (8.60)

28.88 (5.03)
25.21 (5.33)
12.59 (5.42)

115 (94)
4(3)
1(1)
2(2)

55 (45)
50 (41)
16 (13)
1(1)

90 (75)
144.36 (74.33)

12.22 (7.33)

35.55 (9.53)

1 FTCD is a 6-item test where answers are summed to yield a total score of 0-10.
The higher the total score, the more intense is the patient's physical dependence
on cigarettes. l.e. A score between 0-2 indicates a very low level of dependence on
cigarettes, and 8-10 indicates a very high-level dependence on cigarettes (23).
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7.5.2 Comparison of indicators of smoking intensity

Table 4 compares indicators of smoking intensity between baseline and 2
weeks after the quit date for pregnant smokers in both the placebo and
nicotine patch groups. In the nicotine group, there was no significant
difference between cotinine concentrations (ratio of geometric means =
0.94ng/ml, 95% CI’'s 0.83 to 1.07ng/ml; p=0.37, Bayes Factor=0.15), but
CO concentrations significantly decreased from baseline to 2-weeks after
the quit date (mean difference -3.03ppm, 95% CI’s -4.17 to -1.89ppm;
p<0.001). Whereas the placebo group exhibited a significant reduction in
cotinine (ratio of geometric means = 0.68ng/ml, 95% CI's 0.59 to
0.78ng/ml; p<0.001) as well as a reduction in CO concentration (mean
difference -2.02ppm, 95% CI's -3.81 to -0.22ppm, p<0.028). There were
also significantly lower levels of craving, lower numbers of cigarettes
smoked in the previous week and women'’s partners were reported to have

smoked fewer cigarettes in both nicotine and placebo patch groups.

Table 4 also reports results for interaction tests between the indicators of
smoking intensity and nicotine patch assignment. There was a significant
interaction between nicotine patch assignment and a reduction in number

of cigarettes smoked (p=0.046). This means that women assigned nicotine

patches smoked less at week-2 compared to women assigned placebo
patches. Interactions between the remaining indicators of smoking intensity
and nicotine patch assignment were not significant. Upon further exploration
it was discovered that there was an interaction between nicotine patch
assignment and women with higher baseline cotinine concentrations
(Figure 28). Women assigned nicotine patches with baseline saliva cotinine
concentrations of approximately 90ng/ml and above had higher cotinine

concentrations at week-2 compared to women assigned placebo patches.
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Figure 28 Graph to show interaction of nicotine patches on cotinine
concentrations at 2-weeks with increasing baseline cotinine concentrations.
The shaded area represents the 95% confidence intervals. As the shaded
area for log cotinine >4.5 is above 0, there is a significant interaction of
nicotine patches for an increase in cotinine at 2-weeks in women with log
cotinine concentrations of greater than 4.5 (back-transformed to 90ng/ml),
compared with placebo.
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Table 4 Baseline to 2-weeks after the quit date ‘within-participant’ differences in indicators of smoking intensity in pregnant
smokers by treatment group, with a significance test for interaction with nicotine patch.

Nicotine Patch (n=146)

Placebo Patch (n=122)

. 2-weeks . 2-weeks Interaction
Baseline after quit Mean Baseline after quit Mean p-value?
Characteristic mean date n?ean difference p-value! mean date rr?ean difference p-value?
) o)
(SD) (sD) (95% Cl) (SD) (sD) (95% Cl)
Saliva cotinine’ 0.94 0.68
117. 111.1 . 122. .01 .001 A
(ng/ml) 783 4 (0.83 t0 1.07) 0.370 46 83.0 (0.59t0 0.78) <0.00 0.148
Expired air carbon 11.77 8.74 -3.03 12.22 10.20 -2.02
.001 .02 .
monoxide (ppm) (6.74) (6.47) (-4.17 to-1.89) <0.00 (7.33) (9.08) (-3.81t0-0.22) 0.028 0.498
33.75 31.38 -2.38 35.84 33.36 -2.49
-124 .002 .01 31
FTcQ (8.63) (8.06) (-3.88t0-087) OO0 (9.00) (857) (-437t0o-0.60) OO 0-317
Number of cigarettes 12 6 -6 12 6 -6
.001 .001 .

smoked per day (6) (5) (-7 to -5) <0.00 (6) (6) (-7 to -5) <0.00 0.046
Number of cigarettes

17 15 -1 16 14 -2
partner smoked per (9) 7) (-2t00) 0.026 7) 7) (-3 to -1) 0.003 0.168

day

Paired t-tests were used to compare differences at baseline and 2-weeks after the quit date. A linear model was used to test for an interaction of nicotine patch
between baseline and 2-weeks.

'p-value for the difference between indicators of smoking intensity between baseline and 2-weeks, in the nicotine patch group

2p-value for the difference between indicators of smoking intensity between baseline and 2-weeks, in the placebo patch group

3p-value for interaction of nicotine patch with indicators of smoking intensity at baseline compared with at 2-weeks after the quit date

4FTCQ -12- French Tobacco Craving Questionnaire score
*Back transformed saliva cotinine data. Means represent geometric means. Mean difference presented as ratio of geometric means.
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7.5.3 Sensitivity analysis

In the sensitivity analysis, the 8-week data showed a similar pattern to the
2-week data (Table 5). There was no significant difference between cotinine
concentrations at baseline and 8-weeks in the nicotine patch group (ratio of
geometric means = 0.85ng/ml, 95% CI's 0.71 to 1.00ng/ml; p=0.055,
Bayes Factor=0.12), however there were significant reductions for all other
indicators of smoking intensity aside from craving score (mean difference =
-1.69, 95% CI's -3.58 to 0.20 p=0.079). In women assigned placebo
patches, there were significant reductions for all indicators of smoking
intensity aside from expired CO concentration (mean difference -2.38ppm,
95% CI's -5.03 to 0.27ppm, p<0.077). The interaction tests found no
significant interaction for nicotine patch assignment, however graphical
exploration found that there was a significant interaction for nicotine patch
assignment and participants that reported smoking between 100-250
cigarettes a week at baseline (Figure 29); in these women, assignment to
nicotine patch was associated with having smoked fewer cigarettes in the

previous seven days.
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Table 5 Baseline to 8-weeks after the quit date ‘within-participant’ differences in indicators of smoking intensity in pregnant smokers by
treatment group, with a significance test for interaction with nicotine patch.

Nicotine Patch (n=86) Placebo Patch (n=69)
Baseline 8-weeks after Mean . 8-weeks after , Interaction
- . . 1 Baseline . Mean difference ) 3
Characteristic mean quit date difference p-value mean (SD) quit date (95% CI) p-value p-value
(SD) mean (SD) (95% ClI) mean (SD) 0
Saliva cotinine* 0.85 0.74
116. .24 . 118.1 A1 .002 .
(ng/ml) 6.35 %8 (0.71 to 1.00) 0.055 8.13 87 (0.61 to0 0.89) 0.00 0.874
Expired air carbon 11.1 7.8 -3.3 12.5 10.1 -2.4
.001 . .
monoxide (ppm) (6.3) (57)  (46t0-19) 000 (7.8) (10.7) (5.0t003) 077 0.844
32.60 30.90 -1.69 35.16 31.59 -3.57
-12% . .001 .62
FTCQ (8.30) (7.56)  (-3.58t00.20) 0.079 (7.99) (7.02) (-5.65 to -1.48) 0.00 0.623
Number of
12 6 -7 12 7 -5
cigarettes smoked <0.001 <0.001 0.132
er day (8) (@) (8to-5) (6) (6) (6t0-3)
Number of
16 14 -2 15 14 -2
cigarettes partner 0.001 0.039 0.671
smoked per day (7) (6) (3to0-1) (7) (7) (3t00)

Paired t-tests were used to compare differences at baseline and 8-weeks after the quit date. A linear model was used to test for an interaction of nicotine patch between
baseline and 8-weeks.

'p-value for the difference between indicators of smoking intensity between baseline and 8-weeks, in the nicotine patch group
2p-value for the difference between indicators of smoking intensity between baseline and 8-weeks, in the placebo patch group

3p-value for interaction of nicotine patch with indicators of smoking intensity at baseline compared with at 8-weeks after the quit date

4FTCQ -12- French Tobacco Craving Questionnaire score
*Back transformed saliva cotinine data. Means represent geometric means. Mean difference presented as ratio of geometric means.
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Figure 29 Graph to show interaction of nicotine patches on cigarettes
smoked at 2-weeks with increasing number of cigarettes smoked at
baseline. The shaded area represents the 95% confidence intervals. As the
shaded area for number of cigarettes smoked between 100-250, is below 0,
there is a significant interaction of nicotine patches for a reduction of
cigarettes smoked at 8-weeks in women that smoked between 100-250
cigarettes in the week prior to baseline compared with placebo.
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7.6 Discussion

7.6.1 Key findings

Our findings show that, women prescribed nicotine patches but also
admitted smoking had similar cotinine concentrations to those generated
when they only smoked. These women also reported smoking less and had
lower expired air carbon monoxide readings than when they smoked prior
to their quit attempt. In comparison, smokers issued with placebo patches
had lower cotinine concentrations than when smoking, they also showed
reductions in numbers of cigarettes smoked and expired CO concentrations.
Our results also indicate that women who smoke and use nicotine patches,

smoke less later in pregnancy.

7.6.2 Strengths and weaknesses

A limitation to our study is that, whilst we know that women included in this
study were prescribed nicotine patches, we have very limited information
about how much they used these. However, as study measurements at 2-
and 8-week follow up were taken with the intention of personalising the
nicotine doses which women received from patches, it seems very likely that
women who attended these appointments were still using these.
Furthermore, the SNIPP trial also reports (where adherence data exists) the

median self-reported adherence rate was 85% (51).

Another possible limitation concerns the validity of women’s reports of
smoking or not smoking in the week prior to having 2- and 8-week
measurements taken. In SNIPP, women were defined as smokers if they
had reported any smoking in the week prior to a study visit and this was
validated by an expired CO reading. However, expired air CO can only
reliably validate smoking status over the previous 6 hours and (177),

although some women may have over-or under estimated the number of
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cigarettes smoked in the previous week, we could only accurately quantify
tobacco smoke exposure in the 6 hours prior to CO measurement.
Nevertheless, this could only have had a major impact on findings if women
generally under-reported their smoking in the week prior to follow up
appointments and, in the 6 hours before follow-up appointments tried to
smoke less than they had reported they were doing. It seems unlikely that
trial participants would do this before attending a nicotine patch dose-

titration appointment.

A strength of this study is that the data were obtained as part of a well-
conducted randomized controlled trial and included reported smoking
behaviour with concurrent CO and cotinine estimation at several time points.
To the authors’ knowledge, there has been no previous study that has
investigated smoking behaviour and CO exposure from concurrent use of
nicotine patches and smoking in pregnancy. Hence, we believe it makes an
original contribution to the field. Another strength is that comparisons are
based on ‘within-participant’ measurements; this means that inter-
participant variations are very unlikely to explain study findings. Indeed,
with this study design one would only expect findings to be affected by
characteristics of women which were prone to change between baseline and
follow up. Women’s nicotine metabolic rates (NMR) increase as pregnancy
progresses and these would be expected to affect their plasma nicotine
concentrations and so potentially their cravings and intensity of smoking too
(64, 69). However, any effect would seem to be marginal as, even in the
placebo group, women reported smoking fewer cigarettes. Also, as
pregnancy-related NMR (nicotine metabolic ratio) acceleration is generally
complete by the end of the first trimester and women’s mean gestation at
baseline was ~ 13 weeks, there may have been little scope for this factor

to have any influence. It seems likely, therefore that differences reported
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reflect differences in smoking behaviour and not changes in women’s

physiology during pregnancy.

7.6.3 Discussion in context of previous literature

Our study informs about cotinine concentrations in pregnant women who
use nicotine patches but are not abstinent from smoking. Our findings show
that cotinine concentrations in such women were no higher than when they
were smoking. Additionally, women included in this study had simultaneous
and statistically significant reductions in their cigarette use, validated by a
reduction in expired carbon monoxide. This suggests that when pregnant
women use nicotine patches and smoke, they smoke less than they would
without if they were not using nicotine patches. This is important, as it could
influence how women are advised to use NRT in pregnancy, i.e. encouraged

to continue using NRT despite a relapse.

We are unaware of any previous studies measuring cotinine or CO in
smokers who concurrently use NRT during pregnancy. A systematic review
and meta-analysis that aimed to identify and describe studies which report
nicotine or cotinine concentrations in pregnant women when smoking and
subsequently when abstinent from smoking and using NRT, concluded that
amongst pregnant women who quit smoking, standard-dose NRT generates
lower nicotine exposure than smoking (161). The meta-analysis compared
cotinine exposures when pregnant women smoke with those when they use
NRT and found that concentrations were on average 75.3 ng/ml lower when
abstinent and using NRT than when the same women smoked (161). In
SNIPP, salivary cotinine concentrations at baseline (when smoking) were
compared to cotinine concentrations at 1 month in women that had stopped
smoking but were using nicotine patches. Cotinine concentrations were
98.5ng/ml while smoking, but only 62.8ng/ml while using nicotine patches

(51). In our study we found that women that were assigned the placebo
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patch but also admitted to smoking, also exhibited reduced cotinine

concentrations compared to those when smoking alone.

Most studies in the above review, used lower nicotine doses than were used
by participants in this manuscripts’ analyses; other than SNIPP, studies used
standard rather than higher doses of nicotine and these delivered no more
than 15mg cotinine in 16 hours or the 24-hour equivalent (161). Thus, when
preghant smokers become abstinent and adhere with such ‘standard’ doses
of NRT, they are on average exposed to less nicotine than from smoking
(161). In SNIPP, patch doses were adjusted according to the previous saliva
cotinine determination to optimize the nicotine substitution leading to
somewhat higher mean nicotine doses than usual (18 mg/day, SD=6.8). It
is expected that the dose adjustment would improve nicotine substitution,
thus it is possible that women assigned nicotine patches in the 8-week
sample would have higher cotinine concentrations than they did at baseline.
Despite this adjustment, there was no significant difference in cotinine
concentrations in women that were assigned nicotine patches and admitted
to smoking to those when smoking alone. This also suggests that smoking
and using nicotine patches of ‘standard’ doses, may lead to lower cotinine

concentrations during pregnancy than smoking alone, prior to pregnancy.

Our findings provide the first data we are aware of which quantifies pregnant
women’s smoking behaviour when using nicotine patches and this suggests
that when pregnant women use nicotine patches as part of a quit attempt,
but they also smoke, they smoke less than they did before the quit attempt
started. This means that their exposure to the toxic products of burnt
tobacco is reduced. A possible reason for this is that women who continue
to smoke when using nicotine patches obtain nicotine from both patches
and tobacco and nicotine delivered from patches reduces women’s cravings

such that they feel less need to ‘top up’ concentrations of nicotine in their
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body fluids through smoking. This suggests that clinicians can reassure
women that it is ok to smoke and use nicotine patches if, ultimately, they

are trying for abstinence.

7.6.4 Conclusions

In conclusion, despite having similar cotinine exposure to that from
cigarette smoking, pregnant women who use nicotine patches and smoke,
smoke less and exhale less CO, so their exposure to other tobacco smoke

toxins is likely to be lower too.
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Chapter 8: Conclusions and

recommendations
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8.1 Introduction

The overall aim is to raise hypotheses regarding ways in which NRT use in
preghancy might be changed such that it has greater potential to be
effective. This aim was achieved through investigating the efficacy, safety
and impacts on smoking intensity of Nicotine Replacement Therapy used for

smoking cessation in pregnancy, and was facilitated by the use of TSA.

This chapter summarises results from this thesis in context to each of the
objectives detailed in Chapter 2. This chapter also describes how the
results have been disseminated, their potential implications for policy and
practice, and provides suggestions for possibilities of future research that
could be undertaken relating to the use of NRT for smoking cessation in
pregnancy. Re-prints of published papers from this thesis are included in
Appendix B, and a full list of courses attended, training, and publications
produced from and during the writing of this thesis are detailed in Appendix

C.

8.2 Summary of thesis findings

8.2.1 Objective I: To use conventional systematic review and meta-
analysis to determine the efficacy and safety of NRT used during
pregnancy for smoking cessation in later pregnancy and after

childbirth.

A systematic review with meta-analysis was conducted to assess the
efficacy and safety of NRT for smoking cessation in pregnancy. There was
low certainty evidence that NRT used alongside usual care may increase
smoking abstinence in later pregnancy. However, subgroup analysis of the
more robust placebo-controlled trials suggest that there may not be an

effect of NRT on smoking abstinence. Evidence was inconsistent regarding
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the evidence of NRT having either a positive or negative impact on birth

outcomes.

This systematic review was conducted as part of a broader Cochrane review
assessing the efficacy of pharmacological interventions, including
bupropion, for smoking cessation in pregnancy. This review has been
published and is available from the Cochrane Library (178). The results of
this review have been discussed at the NICE Public Health Advisory
Committee tobacco meeting for preventing uptake, promoting quitting and
treating dependence. The purpose of this meeting was to utilise findings
from the review to update the current NICE guidelines for stopping smoking

in pregnancy.

8.2.2 Objective II: To describe the limitations of meta-analysis and
demonstrate how trial sequential analysis methodology can be used

to supplement the findings of meta-analysis.

This thesis provides an overview of how TSA can be used alongside meta-
analysis to assess whether there is sufficient evidence to conclude a
clinically important treatment effect, no evidence of an effect, or absence of
evidence. Using example outputs from TSA, this thesis demonstrates how
TSA can be interpreted, and how they are affected when new studies are
included. As a worked example, TSA is then applied to a systematic review

of NRT for smoking cessation in pregnancy (Objective III).

Whilst TSA methodology and software has been described in depth
previously (93), and the methodology has been utilised increasingly in
recent years (179, 180), this thesis attempts to explain TSA in a way that

is accessible to a broader range of researchers.
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8.2.3 Objective III: To determine whether there is sufficient
information in the meta-analyses presented for objective I above
regarding the efficacy and safety of NRT for smoking cessation in

later pregnancy.

Using the meta-analyses conducted in the systematic review for Objective
I, TSA was applied to the primary outcomes of biochemically validated
smoking cessation at the latest point in pregnancy; mean birthweight; and
miscarriage and spontaneous abortion. TSA methods were able to ascertain
whether there was sufficient information in the meta-analyses regarding the

efficacy and safety of NRT for smoking cessation in later pregnancy.

According to TSA, over 8,000 participants to placebo-controlled trials may
be needed in order to arrive at a firm conclusion regarding the efficacy of
NRT for smoking cessation in pregnancy. Additionally, an excess of 9,000
and 30,000 participants respectively would be needed for a strong
conclusion surrounding the positive or negative impact of NRT on mean

birthweight; and miscarriage and spontaneous abortion.

8.2.4 Objective IV: To demonstrate how trial sequential analysis can
alternatively be utilised to calculate trial sample size, using results

from feasibility and pilot studies.

Using data from feasibility and pilot RCT’s testing MiQuit, a text message-
based smoking cessation intervention for pregnant women, TSA was used
to estimate the sample size of future RCTs for a more conclusive decision
regarding intervention benefit. The TSA estimated sample size required just
over half the participants than that calculated by the traditional sample size

calculation methodology.
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Prior to this study, no paper has described utilising TSA in this way. This
relatively simple use of feasibility and pilot trial data with TSA, could save
researchers significant resources, thus leading to more efficient utilisation
of funds. A paper describing this methodology has been submitted to BMC
Medical Research Methodology. This paper has been peer reviewed and a
response alongside amendments has been submitted, and I now await a

decision. A pre-print of this paper is available on Research Square (119).

8.2.5 Objective V: To use the SNIPP trial to investigate the
differences in indicators of smoking intensity in preghant women
when smoking before using NRT, and when using NRT and smoking

concurrently.

Using a cohort of participants from the SNIPP trial, within-participant
differences in indicators of smoking intensity were compared in women who
both smoked and used nicotine or placebo patches. Women who both
smoked and used nicotine patches concurrently had similar cotinine
concentrations as those when they were only smoking. These women also
reported smoking fewer cigarettes when using nicotine patches, ultimately

reducing their exposure to toxins in tobacco smoke.

Prior to this research, no other studies had measured pregnant women'’s
smoking behaviour when using nicotine patches as part of a quit attempt.
This is mainly because in practice, pregnant women are usually advised to
stop using NRT if they relapse to smoking. The SNIPP trial was different, as
it allowed women to continue using NRT despite relapse. This research was

shared through publication in Addiction Journal (162).
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8.3 Policy and practice implications

The most recent UK guidelines and recommendations for stopping smoking
in pregnancy and in the first year of childbirth were published in 2010 (181).
These guidelines were reviewed in 2015, and are currently being updated.
Research from this thesis adds to the current knowledge on smoking in

preghancy, and will inform the next update of guidelines.

The current recommendations surrounding the use of NRT for smoking
cessation during pregnancy are based on ‘mixed evidence on the
effectiveness of NRT in helping women to stop smoking during pregnancy’
(181). The evidence from the systematic review performed in Chapter 5
suggests that NRT may be effective for smoking cessation in pregnancy,
however there is uncertainty surrounding this evidence. It is also unclear
whether NRT affects the risk of adverse pregnancy and infant outcomes, but
there is no evidence that it is harmful. One study suggests that NRT
improves child development outcomes at two years (156). Nevertheless,
the 2010 guidelines state that NHS Stop Smoking Services should only
suggest using NRT if smoking cessation attempted without this first (181).
Findings from the systematic review, conducted as part of a comprehensive
Cochrane Review, are to be used in the latest update of NICE guidelines. In
late 2019, I was invited and attended the NICE Public Health Advisory
Committee tobacco meeting for preventing uptake, promoting quitting and
treating dependence. Here, the Cochrane review was discussed in detail in

the context of updating the guidelines.

Current NICE guidelines state that women should only be prescribed NRT
once they have stopped smoking, and should only be prescribed two weeks
of NRT from an agreed quit-date (181). Furthermore, subsequent

prescriptions of NRT should only be provided when women have
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demonstrated that they are still abstinent (181). This cautious approach to
prescribing NRT is to prevent a possible increase of nicotine intake, in case
women continue to smoke whilst using NRT. Findings from Chapter 7
provide evidence to suggest that women who smoke and use NRT
concurrently do not have higher nicotine concentrations compared to when
they are only smoking. These women also smoked fewer cigarettes. These
findings could allay some fears regarding higher nicotine concentrations with
continued use of NRT despite relapse, and suggest that policy could be
adapted such that, as long as women continue trying to stop smoking, if

they have a brief relapse to smoking, they should continue using NRT.

This thesis has provided some potential recommendations for updates of
policy and practice for the use of NRT for smoking cessation in pregnancy
however, further research is also required. Possibilities for future research

are detailed in the following section.

8.4 Possibilities for further research

TSA appears to be growing in popularity and there is a developing
knowledge base of NRT use during pregnancy. The research summarised in
Section 8.2 adds to the current understanding on this subject. However,
this thesis has opened up potential avenues for future research and these

are explored in the following section.

In Chapter 5 a systematic review was performed to determine the efficacy
and safety of NRT used during pregnancy for smoking cessation in
pregnancy. Although overall evidence pointed towards a positive effect of
NRT on smoking abstinence in pregnancy, a subgroup of low-bias trials
suggests the effect is smaller or that there may be no effect at all. These
findings coupled with results from the TSA in Chapter 6, suggest that
further placebo-controlled trials are needed, for greater certainty regarding
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the efficacy and safety of NRT for smoking cessation in pregnancy. The TSA
performed in Chapter 6 recommended that a further 8,500 participants
would need to be recruited in placebo-controlled trials. This would require
substantial time and resources, and may not be practical over a short period

of time.

Instead, focus could be spent understanding why NRT apparently works less
well in pregnancy than it does in the general population. For example, the
systematic review in Chapter 5 found that patch adherence was low. Future
research should seek to understand why this is and improve it and use an
appropriate behavioural strategy to enhance adherence in future trials of
NRT. Additionally, the majority of studies in the systematic review in
Chapter 5 used 15mg nicotine patches, whereas in the general population
there is evidence that 25 mg/16-hour patches are more effective than 15
mg/16-hour patches (164). Consequently, trials are needed in pregnant
women using either higher-dose nicotine patches or combination of patch
plus rapid-acting forms of NRT, which are also more effective (164). As of
yet, there are no complete trials of electronic cigarettes in pregnancy. In a
non-pregnant population, a recent living systematic review found that
electronic cigarettes are not only effective for quitting smoking, but they are
more effective than NRT (46). There is currently one ongoing trial of
electronic cigarettes for smoking cessation in pregnancy, however further

research should be conducted.

With regards to safety, Chapter 5 found no consistent evidence of NRT
having either a positive or adverse impact on birth outcomes. Coupled with
the TSA performed in Chapter 6, nearly 10,000 participants would need to
be recruited for greater certainty over the effects of NRT on mean
birthweight, and in excess of 30,000 participants would need to be recruited

for greater certainty over the effects of NRT on miscarriage and spontaneous
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abortion. As detailed above, recruiting this number of participants is highly
unlikely, thus alternative methodology may be required. A possible way to
investigate this further, would be to perform an individual patient data
meta-analysis, by combining participants with reported NRT use and

outcome data from all NRT trials in pregnancy.

The study in Chapter 7 provides data quantifying concurrent smoking and
NRT use during pregnancy and as it is the first study of its kind in pregnancy,
the findings are important. However, this study was limited by insufficient
data regarding adherence to patches. Future trials should aim to collect
comprehensive adherence data; where possible, this will facilitate a more
accurate analysis to see whether greater adherence to NRT leads to fewer

cigarettes smoked.

In previous studies investigating the efficacy and safety of NRT during
pregnancy, women were told not to use NRT if they had relapsed to
smoking. Findings from the study in Chapter 7 suggest that in future trials
of NRT in pregnancy, women should be encouraged to continue using NRT
despite relapse if their ultimate goal is still abstinence. Indeed, safety is of
paramount importance and so if a decline in cigarette consumption is not
observed, prescription of NRT should be reviewed in those individual cases.
The latest RCT of nicotine inhaler in pregnancy advised participants to
continue the use of the inhaler as long as they were actively trying to quit
smoking. Although the inhaler group did not have a higher quit rate than
the placebo group, they did have significantly decreased risks of delivering
a preterm or a low birth weight infant (151). Data permitting, a secondary
analysis of this trial similar to that conducted in Chapter 7 could help

corroborate the findings.
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In Chapter 4, an alternate use for TSA, to estimate the sample size(s) for
future trial(s) based on pilot and feasibility trial data, is presented. This
method could be utilised in the future in trials of NRT in pregnancy. Running
large scale trials is expensive and resource intensive. Where funding is
highly competitive or limited, it may be beneficial to use TSA to estimate an
alternative sample size. For example, if feasibility and pilot studies
investigating a combination of nicotine patch and fast-acting forms of NRT
in pregnancy are successful, using TSA to estimate the sample size for a
more definitive trial could save on costs, which could be more attractive to
potential funders. If the resulting definitive trial is unsuccessful, recruiting
fewer participants means that excess resources were not wasted on a much

larger trial if a traditional sample size calculation was performed.

Chapter 3 describes the more traditional use of TSA, and as mentioned
above, Chapter 6 applies TSA to the meta-analysis in Chapter 5. The more
traditional use of TSA has grown in popularity in recent years and has been
used in a number of systematic reviews (179, 180, 182), including smoking
cessation reviews (183, 184). Despite the limitations of TSA, discussed in
Section 3.5.5, as long as it is used appropriately, i.e. planned prospectively
with the assumptions underlying the design well planned and justified, then
TSA should continue to be used to provide additional context to a meta-

analysis.

8.5 Overall conclusions

This thesis has demonstrated two possible uses of TSA in the context of
smoking cessation in pregnancy, and has also provided evidence to illustrate
some ways in which the use of NRT in pregnancy might be changed, such
that it has greater potential to be found effective, as it is in non-pregnant

smokers. NRT used for smoking cessation in pregnancy may increase
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smoking cessation rates in late pregnancy. According to TSA, there is
uncertainty regarding the efficacy of NRT use for smoking cessation during
pregnancy compared to control, and further placebo-controlled trials are
needed to arrive at a firm conclusion. Although TSA suggests more research
is required for a firm conclusion, the general trend appears that NRT as it
has previously been trialled, may not be effective for smoking cessation in
pregnant women. Further trials should focus on what can be done differently
in future. Following successful feasibility and pilot trials, these future trials
could make use of TSA for sample size estimation, to reduce costs and
resources required. When pregnant women use nicotine patches as part of
a quit attempt, but they also smoke, they smoke less than they did before
the quit attempt started. This means that their exposure to the toxic
products of burnt tobacco is reduced. Despite having similar cotinine
exposure to that from cigarette smoking, pregnant women who use nicotine
patches and smoke, smoke less and exhale less CO, so their exposure to
other tobacco smoke toxins is likely to be lower too. Overall this thesis
should encourage further investigation of new techniques to trial NRT in
preghant women, and reassure policy makers to encourage NRT use despite

relapse.

8.6 Personal development and development of research

skills

Throughout the duration of this PhD I have improved and developed my
research skills, and I have learned a number of new methods and techniques
that will benefit me in the future as an independent researcher. Attending
the ‘Joanna Briggs Institute (JBI) Comprehensive Systematic Review
Training Program’, further increased my ability and efficiency to locate

journal articles and other relevant resources to include throughout the
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thesis. The JBI program, alongside the two Master’s in Public Health (MPH)
statistics modules I undertook, gave me a solid foundation for much of the
statistical analysis performed in the thesis. The analysis in Chapter 7 was
performed using STATA, and involved performing t-tests and regression
analysis — which these modules were particularly useful for. Furthermore,
lectures and practical sessions on meta-analysis and forest-plots in both the
MPH modules and the JBI program, provided me the basis to better
understand trial sequential analysis methodology. A large part of this thesis
discusses and utilises TSA methodology and software, which was an entirely
new concept to me prior to this PhD. I was able to develop a thorough
understanding of TSA through independent research of literature, with

support from my PhD supervisors and external collaboration.

During the second year of my PhD I spent 6 months in Paris, France on a
placement to work alongside my supervisor, Ivan Berlin. This enabled me
to experience a research environment outside of the UK. Through this
experience I was able to twice present my TSA work to a French audience
that had not previously heard of TSA. Through dissemination of my research
via poster and oral presentations at both national and international
conferences, as well as writing papers as a first author (Appendix C), I

have been able to develop my capability as an independent researcher.

Additionally, during the fourth year of my PhD, I have been working as a
Research Assistant on a National Institute for Health Research - School for
Primary Care Research (NIHR SPCR) funded programme investigating infant
and child primary and secondary health care costs associated with mode of
childbirth and prematurity. As part of this project I have developed an
understanding for costing of primary and secondary healthcare episodes.
This project has also exposed me to the use and management of large

datasets through Clinical Practice Research Datalink (CPRD) data. Finally,
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as lead applicant, I was able to secure NIHR SPCR funding for a systematic
review comparing nicotine concentrations generated by concurrent smoking
and nicotine replacement therapy. This successful application has given me
experience in writing grant applications, which will benefit me greatly for a

future career in academia.
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Berlin 2014

Methods

HDoubIe—innd, placebo-controlled, parallel-group RCT ‘

Participants

476 pregnant women aged = 18 years, between 9 and 20 weeks' gestation who smoked at least 5
daily cigarettes and scored at least 5 on a scale measuring motivation for quitting smoking (range 0
to 10)

Interventions

Intervention and control differed only in the provision of active or visually identical placebo
transdermal patches. The intervention patch delivered nicotine as nicotine replacement therapy over
a 16-hour period. Both 10 mg and 15 mg patches were used, and women's doses ranged from 10
mg to 30 mg per day. A saliva sample was collected at the woman's first trial visit/contact with the
research team. Between this and a second visit/contact, which occurred 2 weeks later, women were
instructed to either stop smoking or to reduce this to less than 5 daily cigarettes. Women who
managed to reduce or stop smoking in this way were, at their second visit, randomised to either
placebo or active patch in a 1:1 ratio. The nicotine dose used for women's first prescription of NRT
(made at this 2nd trial visit) was based on their saliva cotinine level obtained from the sample given
at visit 1 with the aim being to attempt 100% substitution of nicotine obtained from smoking for that
obtained via patches.

Women were instructed to use NRT from their quit date until delivery. Smoking and using patches
was not encouraged (this is described as a "safety concern"). However, if women did have a
temporary lapse to smoking, they were allowed to remain on NRT afterwards. Both groups received
counselling on how to use patches.

Outcomes

There were 2 primary outcomes, 1 maternal and 1 relating to infants: complete, continuous
abstinence from smoking since the quit date and infant birthweight. A positive abstinence outcome
was recorded where women self-reported 7 days abstinence from smoking at each study visit, and
this was confirmed by an exhaled CO reading of 8 ppm or less. There were up to 7 study visits with
the final visit intended for 1 month prior to delivery; no lapses to smoking were permitted.
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Notes

The cessation outcome used was more stringent than in many studies; often some allowance for
temporary lapses to smoking is permitted, and many studies assess smoking status as a smaller
number of time points in pregnancy.

Dates of study: October 2007 to January 2013

Funding sources: "This study was funded by the Ministry of Health, France (grant No MAO5 00150)
and co-sponsored by Assistance publique-Hopitaux de Paris (P060604).The Ministry of Health and
Assistance publique-HoOpitaux de Paris had no role in the design and conduct of the study; the
collection, conduct, analysis, and interpretation of the data; or the preparation, review, or approval
of the manuscript." Gunnar Gustavsson and McNeil-Johnson & Johnson provided the nicotine and
placebo patches free of charge.

Declarations of interest: "All authors have completed the ICMIJE uniform disclosure form at
www.icmje.org/coi disclosure.pdf (available on request from the corresponding author) and declare

that: none had support of any kind for the submitted work; IB has served as a paid consultant for
Pfizer, Novartis, and Ethypharm in the past three years; none of the authors’ spouses, partners, or
children has financial relationships that may be relevant to the submitted work; and none of the
authors has non-financial interests that may be relevant to the submitted work."
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Coleman 2012

Methods

HDoubIe—innd, placebo-controlled RCT - stratified by trial centre only

Participants

Pregnant women (n = 1050) who agreed to set a quit date, were 16 to 50 years of age, were at 12
to 24 weeks of gestation, smoked 10 or more cigarettes daily before pregnancy, currently smoked 5
or more cigarettes daily, and had an exhaled CO concentration of at least 8 ppm

Interventions

Intervention and control conditions differed only in the provision of transdermal patches; the
intervention group received active patches and the control group received placebo patches. Research
midwives were trained to provide behavioural support according to national standards, with the use
of a manual that included guidance from a British expert trainer of smoking-cessation professionals
and behavioural approaches from the Smoking Cessation or Reduction in Pregnancy Treatment trials
that were believed to be relevant to British people who smoke. At enrolment, research midwives
provided behavioural support lasting up to 1 h, and participants agreed to a quit date within the
following 2 weeks; follow-up was timed from the quit date. Subsequently, participants were randomly
assigned to receive a 4-week supply of transdermal patches for NRT (at a dose of 15 mg per 16 h)
or visually identical placebos, which were started on the quit date (all study treatment was purchased
at market rates from United Pharmaceuticals). 1 month after the quit date, women who were not
smoking, as validated by an exhaled CO concentration of less than 8 ppm, were issued another 4-
week supply of patches.

In addition to behavioural support at enrolment, research midwives provided 3 sessions of
behavioural support by telephone to participants: 1 session on the quit date, 1 session 3 days
afterward, and 1 session at 4 weeks. The women who collected a 2nd month’s supply of nicotine-
replacement or placebo patches also received face-to-face support from the research midwife at the
time of collection. Women were offered additional support from local National Health Service smoking
cessation services and were encouraged to ask for support from the research midwives or smoking
cessation service staff; support was provided according to the manual.
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Outcomes

Prolonged smoking cessation between a quit date soon after enrolment and delivery, validated by
both exhaled CO monitoring and saliva cotinine estimation. Cut points: exhaled CO, smoking was
defined as > 7 ppm; saliva cotinine, smoking defined as > 9 ng/dL. Birth outcomes including Apgar
score at 5 min after birth, cord arterial blood pH, intraventricular haemorrhage, neonatal convulsions,
congenital abnormalities, necrotising enterocolitis, mechanical ventilation of infant, assisted vaginal
delivery, maternal death, and caesarean section.

For infants: survival to 2 years of age without developmental impairment, reported respiratory
symptoms. Maternal: self-reported abstinence from smoking for at least 7 days reported at 6, 12,
and 24 months after childbirth, prolonged abstinence from smoking since a quit date set in pregnancy
and until 24-month follow-up (defined as having validate abstinence at delivery followed by reported
abstinence at all outcome points listed above).

Notes

Dates of study: May 2007 to February 2010

Funding sources: "Supported by a grant from the NIHR Health Technology Assessment Programme
(06/07/01)"

Declarations of interest: "No potential conflict of interest relevant to this article was reported."
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ElI-Mohandes 2013

Methods

HNon—pIacebo, parallel-design RCT

Participants

52 English-speaking pregnant women who smoked and were residents of Washington, DC in the
USA, of ethnic minority backgrounds, aged at least 18 years, and less than 30 weeks' gestation.
Women needed to express a desire to quit and have an expired-air CO reading of 8 ppm or less and
a salivary cotinine of 20 ng/mL or less (NB: ClinicalTrials.gov website says 30 ng/mL or less) or a
urinary cotinine of 100 ng/mL or less.

Interventions

1:1 ratio randomisation, stratified by site and initial salivary cotinine levels to either 1) cognitive
behavioural therapy (CBT) and NRT transdermal patches or 2) CBT alone.

NRT: a 10-week course of 24-hour patches was offered, with initial dosing varying with baseline
salivary cotinine measurements. Women with levels of = 100 ng/mL were issued 21 mg patches for
2 weeks, 14 mg patches for 4 weeks, and finally 7 mg patches for 4 weeks. Women with levels of >
20 ng/mL and < 100 ng/mL were issued 14 mg patches for 6 weeks and 7 mg patches for 4 weeks.
The first batch of patches was issued at the 2nd study visit at which salivary cotinine levels were
available.

Participants were given clear verbal and written instructions on patch use. They were advised never
to smoke whilst using the patch, to remove the patch before going to sleep, and not to use other
NRT concurrently.

CBT: this was the same for both groups.

Outcomes

Smoking cessation outcome: during the study participants made 6 visits to the study team in the
antenatal period. At visit 2 (V2), trial interventions were initiated, and at each of visits V3 to V6 (the
last before childbirth), women were asked if they had smoked since their previous clinic visit (e.g.
at V3, they were asked if they had smoked since V2). Participants who reported smoking cessation
had this validated using exhaled CO, with abstinence viewed as confirmed by a reading of < 8 ppm.
The trial manuscript reports point prevalence of abstinence from smoking at each time point, and
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data from V6 are used in analyses. All data were validated (self-report not available), but the period
of abstinence that was validated is unclear and varied with the interval between clinic visits.
Secondary outcomes reported in the trial manuscript: premature birth (i.e. at < 37 weeks'
gestation); gestational age at birth; mean birthweight and low birthweight < 2500 g.

The following outcomes were also collected, as clarified by the authors: ability to not smoke for 24
h or more; longest number of days that the woman was able to go without even a puff of smoking;
frequency of smoking at least puff during the last 7 days; number of cigarettes smoked each day;
number of cigarettes smoked during the past 24 h; and frequency of use of other forms of tobacco.

Notes

Title of paper states that it was conducted in "African-American smokers", but in manuscript
participants are described as "ethnic minority women", and inclusion criteria on ClinicalTrials.gov
includes Hispanic women.

Dates of study: July 2006 to May 2010

Funding sources: "This study was supported by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (U10 HD036104 and U18 HD031206-07). This research was
supported, in part, by the intramural program of the Eunice Kennedy Shriver National Institute of
Child Health and Human Development."

Declarations of interest: "None of the authors have any competing interests to declare."
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Hotham 2006

Methods

HNon—pIacebo, parallel-design RCT

Participants

40 healthy Australian women between 12 and 28 weeks' pregnant and smoking >= 15 cigarettes
daily with an exhaled breath CO reading of > 8 ppm

Interventions

Control group: 5-minute counselling at baseline and further brief counselling (< 2 minutes'
duration) at follow-up visits.

Intervention: counselling as above plus an element concerning correct use of NRT plus 15 mg/16-
hour patches for a maximum of 12 weeks.

Outcomes Smoking cessation (point prevalence) at final antenatal visit.
Women seen "at least monthly during gestation"; also seen within 48 h of delivery when exhaled CO
and saliva sample (for cotinine) taken and by telephone at 6 weeks and 3 months.

Notes Exhaled CO readings used to validate point prevalence cessation at final antenatal visit. Cut point =

8 ppm CO. Author clarification used to obtain this information as not clear in research report. No
data on smoking outcomes after childbirth are reported in the manuscript.

Dates of study: not reported

Funding sources: "This pilot study was supported by the Health Promotion Branch of the (then) South
Australian Health Commission, now the Department of Health (SA). The WCH Perinatal Pathology
Fund funded cotinine tests, performed using a competitive micro-plate immuno-assay (COTININE
MICRO-PLATE EIA)."

Declarations of interest: not reported
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Kapur 2001

Methods

Parallel-design RCT with active and placebo patches and clinicians/researchers and participants
unaware of allocation

Participants

30 healthy Canadian women between 12 and 24 weeks' pregnant and smoking >= 15 cigarettes
daily who want to quit smoking and could not do so in 1st trimester

Interventions

12-week course of NRT or identical placebo patches: 15 mg/18-hour patch for 8 weeks, then 10
mg/18-hour patch for 2 weeks, and finally 5 mg/18-hour patch for 2 weeks. Behavioural counselling
at baseline and at all follow-up points. Counselling at baseline included a video explaining how to
use patch; also counselling at all follow-ups. Weekly telephone contact with women.

Intervention = active patch, control = placebo

Outcomes

Smoking cessation (unclear if point prevalence or continuous cessation measured) 8 weeks into
programme (20 to 32 weeks into pregnancy).

Follow-up also at weeks 1 and 4 into programme with saliva and serum cotinine measured at all time
points.

Notes

Primary outcome validated at 8 weeks into programme. Cotinine cut point not reported, but paper
states that "in no case was smoking cessation associate with thiocyanate levels of > 1 ug/ml".
Dates of study: not reported

Funding sources: "This study was supported by a grant from the Canadian Institutes of Health
Research (CIHR)."

Declarations of interest: "Gideon Koren, MD, is a Senior Scientist of the CIHR."
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Oncken 2008

Methods

Parallel-design RCT with active and placebo NRT gum and clinicians/researchers and participants
unaware of allocation

Participants

194 healthy, US English-/Spanish-speaking women <= 26 weeks' pregnant, smoking >= 1 cigarette
daily and aged >= 16 years

Interventions

12 weeks treatment with either 2 mg NRT gum or identical placebo. 6 weeks full treatment was
followed by 6 weeks tapering of treatment. Instructed not to chew > 20 pieces daily and to use 1
piece of gum for each substituted cigarette. Additionally, all participants received individual
counselling at baseline and at all 8 follow-ups: 2, 35-minute counselling sessions at baseline and
within 1 week of quit date and shorter sessions at other follow-ups.

Intervention = active gum, control = placebo

Outcomes Self-reported 7-day point prevalence abstinence at 6 weeks after treatment commenced, at 32 to
35 weeks of pregnancy, and at 6 to 12 weeks after delivery. Exhaled CO of less than 8 ppm used for
validation all time points.

Notes Dates of study: July 2003 to April 2007

Funding sources: "Supported by NIH grants RO1 DA15167, GCRC grant M01 RR006192, P50
DA013334, P50 AA015632. Nicotine Gum was provided free of charge from Glaxo-Smith Kline."

Declarations of interest: "Dr. Oncken has received consulting fees and honoraria from Pfizer (New
York, NY) for advisory board meetings. She has received at no cost nicotine and/or placebo products
from Glaxo-SmithKline (Philadelphia, PA) for smoking cessation studies (i.e., for pregnant women,
postmenopausal women). She has received grant funding from Pfizer for smoking cessation studies
and from Nabi Biopharmaceuticals (Boca Raton, FL) for a nicotine vaccine study. Dr. Kranzler has
received consulting fees from Ortho-McNeil Pharmaceuticals (Raritan, NJ]), H. Lundbeck A/S
(Copenhagen, Denmark), Forest Pharmaceuticals (St. Louis, MO), elbion NV (Leuven, Belgium),
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Sanofi-Aventis (Bridgewater, NJ]), Solvay Pharmaceuticals (Bruxelles, Belgium), and Alkermes, Inc.
(Cambridge, MA). He has received research support from Ortho-McNeil Pharmaceuticals and Bristol-
Myers Squibb Company (New York, NY), and honoraria from Forest Pharmaceuticals and Alkermes,
Inc. The other authors have no potential conflicts of interest to disclose."
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Oncken 2019

Methods

Parallel-design RCT with active and placebo NRT inhaler and clinicians/researchers and participants
unaware of allocation

Participants

137 healthy US English-/Spanish-speaking women smoking at least 5 cigarettes per day, 13 to 26
weeks’ gestation, = 16 years of age, intending to carry their pregnancy to term, and living in a stable
residence

Interventions

6 weeks' treatment using NICOTROL inhaler (nicotine inhalation system) delivering 4 mg of nicotine
from a porous plug containing 10 mg nicotine. Participants were encouraged to continue the use of]
the inhaler as long as they were actively trying to quit smoking. Participants instructed to puff on
the inhaler 3 to 4 times per minute for up to 20 minutes and to inhale deeply in short breaths as
they would normally smoke a cigarette. Participants who smoked = 10 CPD were instructed to begin
with 4 to 12 cartridge inhalers per day; women who smoked 5 to 9 CPD were instructed to begin
with 1 to 4 cartridge inhalers per day, based on an estimated 1 to 2 mg of nicotine delivery per
cigarette, with each cartridge inhaler estimated to release 4 mg of nicotine. At baseline and 1 week
after quit date, participants received 35 minutes of individual smoking cessation counselling by a
study nurse trained to deliver the counselling using a motivational interviewing approach.
Intervention = nicotine inhaler, control = placebo

Outcomes

Self-reported 7-day point prevalence abstinence at 6 weeks after quit date, at 32 to 36 weeks of
pregnancy, and at 1 and 6 months after delivery. Exhaled CO of less than 4 ppm used for validation
at all time-points.

Notes

Study planned to recruit 360 women, but the trial was stopped after a recommendation from the
Data and Safety Monitoring Board due to futility in detecting differences in the primary outcome.
Dates of study: August 2012 to January 2017

200



Funding sources: "This study was supported by National Institutes of Health (NIH) of United States
grant RO1HD069314 and the Lowell P. Weicker Clinical Research at the University of Connecticut
School of Medicine. The study medication was donated by Pfizer Pharmaceuticals."

Declarations of interest: "Dr Kranzler is a member of the American Society of Clinical
Psychopharmacology’s Alcohol Clinical Trials Initiative, which was supported in the last 3 years by
AbbVie, Alkermes, Ethypharm, Indivior, Lilly, Lundbeck, Otsuka, Pfizer, Arbor, and Amygdala
Neurosciences and is named as an inventor on Patent Cooperation Treaty patent application
15/878,640 entitled genotype-guided dosing of opioid agonists, filed Jan. 24, 2018. The other
authors report no conflict of interest."
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Pollak 2007

Methods

HNon—pIacebo, parallel-design RCT

Participants

181 healthy US English-speaking women between 13 and 25 weeks' pregnant, smoking >= 5
cigarettes daily, and aged >= 18 years. Must have smoked > 100 cigarettes in lifetime.

Interventions

Control group: 5 face-to-face and 1 telephone behavioural counselling sessions with booklet and
support materials.
Intervention group: counselling as above but with additional focus on use of NRT. Women permitted
choice of NRT from patch, gum, or lozenge. Patch dose depended on CPD: < 10 CPD, 7 mg/16 h; 10
to 14 CPD, 14 mg/16 h; >= 15 CPD, 21 mg/16 h. Where gum or lozenge was used, one 2 mg piece
was used for each cigarette smoked daily. Maximum of 6 weeks' NRT provided, and no NRT provided
when women returned to smoking.

Outcomes

Self-reported 7-day point prevalence abstinence at 38 weeks.

Also follow-up at 7 weeks after randomisation and 3 months' postpartum using self-report data.
Saliva samples for cotinine validation were collected at the intervention session that coincided with
each telephone survey from all women regardless of smoking status. Cut point for primary outcome
<= 10 ng/mL. Validation data were collected at all 3 time points, but are only reported for the 2
data collection points within pregnancy.

Notes

Choices of NRT: 72/122 patch = 59%, 32/122 gum = 26.2% and 12/122 lozenge = 9.8%. 19 women
chose another formulation as they could not quit with initial selection (changes not recorded).
Dates of study: May 2003 to August 2005

Funding sources: "This work was supported by the National Cancer Institute (grant RO1CA089053
and operated under IND #67,259)." NRT donated by GlaxoSmithKline.

Declarations of interest: "No financial disclosures were reported by the authors of this paper.”
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Wisborg 2000

Methods

Parallel-design RCT with active and placebo patches and clinicians/researchers and participants
unaware of allocation

Participants

‘250 healthy Danish women < 22 weeks' pregnant and smoking >= 10 cigarettes daily

Interventions

11-week course of NRT or identical placebo patches: 15 mg/16 h for 8 weeks then 10 mg/16 h for 3
weeks plus behavioural counselling and information pamphlet.
Intervention = active patch, control = placebo

Outcomes Self-reported abstinence of >= 7 days at 2nd, 3rd, and 4th prenatal visits (4 weeks prior to
delivery).
Follow-ups at times above and also by telephone at 3 months and 1 year after delivery.

Notes Saliva cotinine level < 26 ng/mL at the 4th visit (4 weeks prior to expected delivery date) used to

validate reported smoking cessation. The test used could not detect lower than 20 ng/mL (data
verified by communication with author). Only self-report data were collected after childbirth.

Dates of study: October 1995 to October 1997

Funding sources: "This study was supported by the Danish Cancer Society and the Ministry of Health
(The National Health Fund supported this study for Research and Development). Pharmacia & Upjohn
provided nicotine patches."

Declarations of interest: not reported
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Systematic review: Table of adherence with NRT regimens

Adherence with offered regimen as a percentage of complete
Study course Adherence with offered regimen in terms of period of use
Wisborg |[[Complete adherence with 11-week course: nicotine group =||Median number patches (ranges): nicotine group = 14 (0 to
2000 11%, placebo = 7%. Partial adherence (up to 8 weeks' use):||77), median = approximately 2 weeks; placebo = 7 (0 to 77),
nicotine group = 17%, placebo = 8%. median = approximately 1 week.
Kapur In the nicotine group, 4/17 (23.5%) completed the 14-week||In the nicotine group, 4/17 (23.5%) completed the 14-week
2001 programme. In the placebo group, no participants completed|jprogramme; 3/17 (17.6%) used the patch for at least 3 weeks;
the programme. and 10/17 (58.8%) used the patch for less than 1 week.
In the placebo group, no participants completed the
programme; 3/13 (23%) used the patch for between 4 and 5
weeks; and 10/13 (76.9%) used the patch for < 1 week.
Hotham ||25% (5) participants complied fully with protocol: "continuous||50% (10) of participants used NRT for 6 weeks or less.
2006 patch use till 12 weeks or confident that abstinence achieved
or adverse reaction experienced".
Pollak Difficult to ascertain from manuscript. A secondary publication||Means of reported periods of use:
2007 reported that 29% of participants used NRT as directed for{|Patch = 23.4 patches = 3.3 weeks
intended 6-week programme. Gum = 8 days
Lozenge = 4 days
Oncken ||[Not clearly reported. The nicotine group used gum for a mean (SD) of 37.8 (3.8) days
2008 (i.e. just > 5 weeks). The placebo group used gum for a mean
(SD) of 29.9 (3.4) days (i.e. just > 4 weeks).
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https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Kapur%202001
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Hotham%202006
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Hotham%202006
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Pollak%202007
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Pollak%202007
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Oncken%202008
https://uniofnottm-my.sharepoint.com/personal/ravinder_claire_nottingham_ac_uk/Documents/PhD/Thesis/Complete%20Thesis/Oncken%202008

Coleman
2012

Limited compliance with the intervention. Only 7.2% of women
(35 of 485) assigned to receive NRT and 2.8% (14 of 496)
assigned to receive placebo reported using trial medications for
more than 1 month (2 months represented a complete course);
rates of use of non-study NRT were very low. Most participants
had no additional contact, either face-to-face or by text
message, with smoking cessation advisors; amongst those who
did, the frequency of contact was similar in the 2 groups.

Most participants discontinued patches after using them for only
a short period: in the nicotine group 60.1% of participants used
patches for no longer than 2 weeks, whilst in the placebo patch
group this figure was 76.8%.

Berlin
2014

In contrast to other studies, women were issued with a much
longer course of transdermal patches, i.e. from women's quit
dates to their delivery.

Compliance was measured using self-reported data on patches
used between study visits and was obtained at 1016 study visits
from 307 (76%) participants: 164 (84%) in the NRT group and
143 (72%) in the placebo group.

Median (IQR) reported patch use was 85% (56% to 99%) in
the NRT group and 83% (56% to 95%) in the placebo group.
However, it is not clear how these figures relate to the rate with
which participants discontinued the intervention. Overall, 225
(60.0%) of participants stopped using trial treatments: 105
(51.7%) in the NRT group and 60.3% in the placebo group.

This was not reported, but it has less meaning for this RCT, as
women started using patches at different points in pregnancy
and continued until childbirth.

Oncken
2019

Not clearly reported.

The nicotine group used the inhaler for a mean (SD) of 36.39
(23.92) days (i.e. just > 5 weeks) and used a mean (SD) of
1.70 (1.19) cartridges per day. The placebo group used the
inhaler for a mean (SD) of 34.11 (20.54) days (i.e. just < 5

weeks) and used a mean (SD) of 1.81 (1.62) cartridges per day.
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Neither of these were statistically significant differences
between groups (number of days, P = 0.587; number of
cartridges, P = 0.701). Compliance with the inhaler during
treatment was 69% in the placebo group and 70% in the

nicotine group.
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Forest plots

NRT
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Control
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M-H, Random, 95% CI

1.8.1 Placebo-controlled trials
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Coleman 2012 56 507
Oncken 2008 2 93
Oncken 2018 4 B7
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Figure S1 Forest plot of nicotine replacement therapy versus control,
outcome: Low birthweight (< 2500 g)
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Figure S2 Forest plot of nicotine replacement therapy versus control,
outcome: Preterm birth (birth < 37 weeks)
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Figure S3 Forest plot of nicotine replacement therapy versus control,
outcome: Neonatal intensive care unit admissions.
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Figure S4 Forest plot of nicotine replacement therapy versus control,
outcome: Neonatal death.
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Figure S5 Forest plot of nicotine replacement therapy versus control,
outcome: Caesarean section.
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Figure S6 Forest plot of nicotine replacement therapy versus control,
outcome: Congenital abnormalities.
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ABSTRACT

Background and Aims Due to concerns about increased exposure to nicotine, pregnant women using nicotine
replacement therapy (NRT) to stop smoking are usually advised to stop using NRT if they relapse to smoking. This study
investigated whether this is justified. We compared changes in saliva cotinine from baseline to 2 weeks post-target quit date
pregnant smokers who relapsed to smoking and continued to use their patches having been assigned to use nicotine
patches or placebo. Design and Setting  Controlled pre—post design stratified by intervention condition from the *Study
of Nicotine Patch in Pregnancy’, a randomized, placebo-controlled trial. Participants A sample of 268 pregnant women,
assigned placebo (n = 122) or nicotine (n = 146) patches, who returned for further supplies of patches and who reported
any smoking in the week prior to a visit at 2 weeks after their target quit date. Measurements Saliva cotinine
concentrations were measured at baseline and 2 weeks aller participants’ target quit dates. Any smoking in the previous
week was assessed by self-report, validated by expired air carbon monoxide (CO). Findings  There was no change in saliva
cotinine concentrations between baseline and 2 weeks post-target quit date in saliva cotinine concentration in the
nicotine patch group [ratio of geometric means = 0.94, 95% conlfidence interval (CI) = 0.83 to 1.07; P = 0.37, Bayes
factor = 0.15]. However, there was a reduction in reported number of cigarettes smoked/day (mean difference —6, 95%
CIs —7 to —5, P < 0.001) and in CO concentrations (mean difference —3.0 parts per million, 95% CIs —4.2 to —1.9,
P < 0.001). These changes were not significantly different from changes in the placebo group except for cigarette
consumption, which reduced more in the nicotine group (P = 0.046). Conclusions In women trying to stop
smoking with the aid of a nicotine patch but having smoked at 2 weeks post-target quit. their nicotine concentration
did not change from baseline, but they reported smoking fewer cigarettes and had lower carbon monoxide concentrations.

Keywords Cotinine, nicotine, nicotine replacement therapy, pregnancy. smoking, smoking cessation.
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INTRODUCTION

Smoking during pregnancy is the leading modifiable risk
factor for poor maternal and infant health outcomes.
Pregnancy-related  health  problems associated with
smoking during pregnancy include complications during
labour, increased risk of miscarriage, premature birth,
stillbirth and low birth weight [1-3]. Despite this, ap-
proximately 12% of pregnant women in the United
Kingdom, 13% in the United States and 20% in
France continue to smoke during pregnancy [4-6]. Sev-
eral national guidelines have adopted using nicotine re-
placement therapy (NRT) lor supporting pregnant

© 2019 The Authors. Addiction published by John Wiley & Sons Ltd on behall of Society for the Study of Addiction

smokers to quit, based on the idea that NRT is probably
saler than smoking as it does not contain the toxins
present in tobacco smoke [7.8].

While NRT has been proven to be effective in non-
pregnant smokers [9], its efficacy in pregnancy is uncer-
tain [10]. The reason for this uncertainty is unclear;
however, it is hypothesized that physiological changes in
pregnancy could affect nicotine’s metabolism [11]. Poten-
tial factors for the increased metabolism rate include a
higher concentration or activity of metabolic enzymes in-
volved and increased blood flow through the liver during
pregnancy |12]. Cotinine is the principal metabolite of nic-
otine, and the clearance of nicotine and cotinine is 60 and

Addiction, 114, 1651-1658
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140% higher. respectively, during pregnancy [13]. An in-
crease in metabolic rate could signily that nicotine supplied
through standard dose NRT may be insufficient to alleviate
smoking withdrawal symptoms in pregnancy and to pro-
vide therapeutic cffects.

A systematic review and meta-analysis comparing nic-
otine exposure in pregnant women when smoking, and
their nicotine exposure when abstinent and using NRT,
found that NRT exposes women to lower doses ol nicotine
than does smoking [14]. Generally, in studies included in
this review, such as the Smoking. Nicotine and Pregnancy
(SNAP) trial, women were instructed to discontinue use of
nicotine patches if they had even brief smoking lapses [15].
This mimics routine health care, where pregnant women
are usually advised to stop using NRT if they lapse to
smoking, even for short periods. There is concern that con-
comitant smoking and NRT use could increase exposure to
nicotine and potentially more tobacco smoke toxins if they
smoked heavily when using NRT. However, in pregnancy
this assumption is untested, and we know little about
women's smoking behaviour when they use NRT concur-
rently. This is important, as women who lapse to smoking
may still want to quit. In a non-pregnant population, con-
tinued use of nicotine patches has been found to promote
recovery from lapses [16]; if this is the case during
pregnancy, women may have better chances of cessation
if NRT is continued.

This study aims to investigate and compare: (1)
changes in saliva cotinine and other indicators of smoking
intensity in women using nicotine or placebo patches and
smoking concurrently with those when they only smoked:
and (2) whether these changes differed between nicotine
and placcbo patch use.

METHODS
Design

This is a secondary analysis of data from the Study of Nic-
otine Patch in Pregnancy (SNIPP) [17]. SNIPP was a
multi-centre, double-blind, randomized, placebo-controlled
study conducted in Prance using 16-hour nicotine patches.
The trial randomized 402 women to either nicotine
(n = 203) or placebo patches (1 = 199). The study was ap-
proved by the Ethics Committee of the Pitié-Salpétriere
Hospital, Paris, France.

Participants

Participants were cligible [or inclusion in the SNIPP trial if
they smoked at least five cigarettes per day, were aged more
than 18 years, of 12-20 weeks' gestation and scored at
least 5 on a scale measuring motivation to stop smoking
(range 0-10) [17]. Prior to enrolment. participants
attended a baseline visit where demographic, obstetric,

© 2019 The Authors. Addiction published by John Wiley & Sons Lid on behalf of Society for the Study of Addiction

physiological characteristics and smoking behaviour data
were collected, and saliva cotinine concentrations were de-
termined. At this stage, participants were given 2 weeks to
quit smoking or reduce the number of cigarettes to fewer
than five a day. If after this 2-week period they were unable
to do either of these they could be randomized, receive the
study drug and set a quit date when treatment began. Par-
ticipants were asked to stop smoking on a pre-defined quit
date and were randomized to either placebo or nicotine
patches. Participants were told that they could continue
using nicotine patches during smoking lapses. Moreover,
patch doses were adjusted according to the previous saliva
cotinine determination to optimize the nicotine substitu-
tion; this resulted in participants receiving a mean nicotine
dose of 18 mg/day [standard deviation (SD) = 6.8] in the
nicotine patch arm.

Measures

In the SNIPP trial, abstinence was defined as self-reported
abstinence, confirmed by expired air carbon monoxide
(CO) concentration < 8 parts per million (p.p.m.)
(Smokeanalyzer™; Bedfont Scientific Ltd, Rochester, Kent,
UK) [18]. Saliva cotinine samples were collected by placing
a cotton roll in the gingival cleft for 1 minute, which was
then placed immediately into a Salivette tube (Sarstedt,
Niimbrecht, Germany) [18]. Samples were kept at 4°C
and were sent to the central biochemistry laboratory
(Hopital Pitié-Salpétriére, Laboratoire de Biochimie, Dr N.
Jacob) within 24 hours for determination [18]. The quan-
tification limit for cotinine was 7.5 mg/l and the between-
run coefficient of variation 5-8% [18].

Tigure 1 shows when trial visits occurred and measure-
ments were made. Saliva cotinine concentrations were de-
termined at baseline, 2 weeks after quit date and 8 weeks
after quit date, with nicotine doses adjusted after cach of
these visits at 4 and 12 weeks after quit date, respectively.
Nicotine doses were adjusted using a conversion factor of
0.1. For example, a saliva cotinine concentration of
100 ng/l equated to a prescription of one 10-mg patch
[17]. At baseline, body mass index (BMI), gestational age,
ethnicity and Fagerstrom Test for Cigarette Dependence
(I'TCD) scores were recorded. As well as at bascline, at cach
visit women reported any smoking in the previous week,
validated by expired air CO. Additionally, intensity of crav-
ing lor tobacco via the French Tobacco Craving Question-
naire, 12 items (FTCQ-12) and the number of cigarettes
smoked by the participant in the last week were assessed.
The SNIPP trial recorded cigarette consumption in the past
week, rather than cigarettes per day, due to large day-to-
day fluctuations in cigarette consumption [19,20]. Partner
smoking in the previous week was also assessed, as the
second-hand smoke exposure is likely to increase cotinine
measures. Women were permitted to use nicotine patches

Addiction, 114, 1651-1658
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Baseline - cotinine
measured

Quit date after 2-
week period if
cigarettes per day =5

2 weeks after quit date
- cotinine measured

4 weeks after quit date
- nicotine dose
adjustment

8 weeks after quit date
- cotinine measured

Figure | Flow-chat to show each planned visit in the ‘Study of
Nicotine Patch in Pregnancy’ relevant to the current study

from quit date until delivery. A more extensive description
is available elsewhere [17].

In this study we used data from women collected at
2 weeks after the quit date who had been allocated nicotine
or placebo patches but who reported any smoking in the
previous week. A second sample of data collected at
8 weceks after the quit date from women who had smoked
in the previous week were used as a sensitivity analysis.
Not all women who had cotinine measured at 2 weeks
returned for the 8-week visit, and 8-week data also in-
cluded women who did not return at 2 weeks. We selected
women [rom 2 weeks rather than 8 weeks after the quit
date for the main analysis, as this time-point was earlier
in gestation, so nicotine metabolism changes since the
baseline visit would probably be small and have less impact
on findings [21].

© 2019 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction

Analyses

For baseline data, continuous measures were reported as
means with SDs, and categorical measures were reported
using [requencies and percentages. Participant and part-
ner's smoking in the previous week were divided by 7 to
achieve cigarettes smoked per day. T-tests were used to as-
whether there were any systematic differences in base-
line characteristics between women who were included
and those excluded from this study. We used a natural

log-transformation of salivary cotinine concentrations to
achieve a normal distribution.

For both nicotine and placebo patch groups we used
paired (-tests to assess ‘within-participant” dilferences be-
tween cotinine, CO, cravings, number of cigarettes smoked
by the participant and number of cigarettes smoked by
their partner, measured at baseline and at 2 weeks. The
same analyses were conducted using data from 8 weeks.
Tor saliva cotinine, we present the back-transformed esti-
mates of treatment differences, which is the ratio of the
geometric means. Next, we used linear regression analysis
to test for an interaction between the measures mentioned
above and nicotine patch assignment. We then aimed to
identify whether the interactions were significant at in-
creasing increments of baseline values in cotinine, CO,
cravings, number of cigarettes smoked by the participant
and number of cigarettes smoked by their partner. Findings
are presented graphically. P-values less than 0.05 were
deemed statistically significant. All analyses were con-
ducted using Stata version 15.

After undertaking the planned analyses we generated a
Bayes [actor from the diflerence in saliva cotinine, using an
online calculator [22]. We were unable to identify any
studies that investigated nicotine intake of concurrent
smokers and NRT users in pregnancy, so an expected
difference of 139.3 ng/ml was taken from a study of nico-
tine intake outside pregnancy [23]. We used a conservative
approach for estimation using a half-normal distribution,
where the standard deviation is equal to the expected
effect size.

RESULTS

In the SNIPP trial, 203 women were assigned to the nico-
tine patch arm and 199 women were assigned to the pla-
ccbo patch arm. At 2 weeks after the quit date, 167
(82.3%) and 148 (74.4%) women returned for the visit
in the nicotine patch and placebo patch arms, respectively.
In the nicotine patch arm, 149 (73.4%) had smoked in the
week prior to the visit and 18 (8.9%) were abstinent
whereas, in the placebo group, 131 (65.8%) had smoked
during the week prior to the visit and 17 (8.5%) were absti-
nent. Overall, 12 women had missing cotinine data at this
point and were excluded from the study. leaving a sample of

Addiction, 114, 1651-1658
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268 for analysis (146 in the nicotine group and 122 in the
placebo group).

When comparing SNIPP trial participants excluded
from this study with those included, it was found that more
women in this study had a partner who smoked. Table 1
gives baseline characteristics of women in both study
groups and, using these descriptors, both groups were
broadly similar. From the participants who provided 2-
week data, those assigned nicotine patch had a mean age
of 30 years and gestational age at baseline of 12.8 weeks;
therefore, their mean gestational age at 2 weeks post-quit
date would be between 16 and 17 weeks.

Table 2 compares indicators of smoking intensity
between baseline and 2 weeks after the quit date for
pregnant smokers in both the placebo and nicotine patch
groups. In the nicotine group there was no significant dif-
ference between cotinine concentrations [ratio of
geometric means = (.94 ng/ml. 95% confidence interval
(CI) = 0.83-1.07 ng/ml; P = 0.37, Bayes factor = (.15],

Table 1 Participant bascline characteristics; n (%) or mean
(standard deviation).

Women on nicotine  Women on placebo

Characteristic patch (n=146) patch (n=122)

Age (years) 29.70 (6.00) 28.88 (5.03)
BMI [kg/m") 25.52(5.40) 25.21(5.33)
Gestational age at 12.8 (3.2) 12,6 (5.4)
baseline (weeks)
Ethnicity
Europcan 139 (95) 115 (94)
Alfrican 4(3) 4(3)
Asian 1 1(1)
Other 2(1 2(2)
Current cigarettes smoking per day
5-10 66 (45) 55 (45)
11-20 69 (47) 50 (41)
21-30 7(5) 16 (13)
=30 4(3) 1(n
Fagerstrom Test for Cigarette Dependence®
Very low 32(22) 20(16)
Low 34(23) 42 (34)
Medium 29 (20) 18(15)
High 43(29) 33 (27)
Very high 8(6) 9(7)
Partner smoking
Yes 99 (69) 90(75)
Saliva cotinine (ng/ml)  143.86 (82.81) 144.36 (74.33)
Expired air carbon 11.8 (6.7) 12.2(7.3)
monoxide (p.p.m.)
French Tobacco Craving  33.64 (8.60) 35.55(9.53)

Questionnaire score

“Fagerstriim Test for Cigarette Dependence is a six-item test where answers
are summed to yield a total score of 0-10. The higher the total score, the
more intense is the patient’s physical dependence on cigarettes: i.e. a score
between 0-2 indicates a very low level of dependence on cigarettes, and
$-10 indicates a very high-level dependence on cigarettes [24]. BMI = body
mass index; p.p.m. = parts per million.

Table 2 Baseline to 2 weeks after the quit date ‘within-participant’ differences in indicators of smoking intensity in pregnant smokers by treatment group, with a significance test for interaction with nicotine patch.
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but CO concentrations significantly decreased from
bascline to 2 wecks alter the quit date (mean
difference — 3.0 p.p.m., 95% CI = —4.2 to —1.9 p.p.m,;
P < 0.001)., whereas the placebo group exhibited a
significant reduction in cotinine (ratio of geometric
means = 0.68 ng/ml, 95% CI = 0.59-0.78 ng/ml;
P < 0.001) as well as a reduction in CO concentration
(mean difference = —2.0 pp.m., 95% CI = —3.8 to
—0.2 ppm., P < 0.028). There were also significantly
lower levels of craving, lower numbers of cigarettes smoked
in the previous week and women's partners were reported
to have smoked [ewer cigarettes in both nicotine and
placebo patch groups.

Table 2 also reports results for interaction tests between
the indicators ol smoking intensity and nicotine patch as-
signment. There was a significant interaction between nic-
otine patch assignment and a reduction in number of
cigarettes smoked (P = 0.046). This means that women
assigned nicotine patches smoked less at week 2 compared
to women assigned placebo patches. Interactions between
the remaining indicators of smoking intensity and nicotine
patch assignment were not significant. Upon [urther
exploration it was discovered that there was an interaction
between nicotine patch assignment and women with
higher baseline cotinine concentrations (Fig. 2). Women
assigned nicotine patches with baseline saliva cotinine
concentrations of approximately 90 ng/ml and above had
higher cotinine concentrations at week 2 compared to
women assigned placebo patches.

In the sensitivity analysis, the 8-week data showed a
similar pattern to the 2-week data (Supporting informa-
tion, Table $1). There was no significant difference between
cotinine concentrations at bascline and 8 weceks in the

-5

Effects on Linear Prediction
o

A

15 2 25 3 35 4 45 5 55 6 65
Log of cotinne values at baseline

Figure 2 Graph to show interaction of nicotine patches on cotinine
concentrations at 2 weeks with increasing baseline cotinine concentra-
tions. The shaded area represents the 95% confidence intervals. As
the shaded area for log cotinine > 4.5 is above 0, there is a significant
interaction of nicotine patches for an increase in cotinine at 2 weeks in
women with log cotinine concentrations of greater than 4.5 (back-trans-
formed to 90 ng/ml), compared with placebo. [Colour figure can be
viewed at wileyonlinelibrary.com]
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nicotine  patch  group  (ratio of  geometric
means = 0.85 ng/ml, 95% CI = 0.71-1.00 ng/ml;
P=10.055, Bayes factor = 0.12); however, there were signif-
icant reductions for all other indicators of smoking intensity
aside from craving score (mean difference = —1.69, 95%
CI=—-3.58100.20 P=0.079). In women assigned placebo
patches, there were significant reductions for all indicators
of smoking cessation aside from expired CO concentration
(mean difference — 2.4 p.p.m., 95% CI= — 5.0 to 0.3 p.p.
m., P < 0.077). The interaction tests found no significant
interaction for nicotine patch assignment; however, graph-
ical exploration found that there was a significant interac-
tion for nicotine patch assignment and participants who
reported smoking between 100 and 250 cigarettes a week
at bascline (Supporting information, Tig. S1); in these
women, assignment to nicotine patch was associated with
having smoked fewer cigarettes in the previous 7 days.

DISCUSSION

Our findings show that women prescribed nicotine patches
but who also admitted smoking had similar cotinine con-
centrations to those generated when they only smoked.
These women also reported smoking less and had lower ex-
pired air CO readings than when they smoked prior to their
quit attempt. In comparison, smokers issued with placebo
patches had lower cotinine concentrations than when
smoking; they also showed reductions in numbers of ciga-
rettes smoked and expired CO concentrations. Our results
also indicate that women who smoke and use nicotine
patches smoke less later in pregnancy.

A limitation to our study is that, while we know that
women included in this study were prescribed nicotine
patches, we have very limited information about how much
these were used. However, as study measurements at 2-
and 8-week follow up were taken with the intention of
personalizing the nicotine doses which women received
from patches, it seems very likely that women who attended
these appointments were still using these. Furthermore,
the SNIPP trial also reports (where adherence data exists)
that the median self-reported adherence rate was 85% [17].

Another possible limitation concerns the validity of
women's reports ol smoking or not smoking during the
week prior to having 2- and 8-week measurements taken.
In SNIPP, women were defined as smokers if they had re-
ported any smoking in the week prior to a study visit,
and this was validated by an expired CO reading. However,
expired air CO can only reliably validate smoking status
during the previous 6 hours [25] and, although some
women may have over- or underestimated the number of
cigarettes smoked in the previous week. we could only ac-
curately quantify tobacco smoke exposure in the 6 hours
prior to CO measurement. Nevertheless, this could only
have had a major impact on findings if women generally
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under-reported their smoking during the week prior to
follow-up appointments and, in the 6 hours before follow-
up appointments, tried to smoke less than they had re-
ported. It seems unlikely that trial participants would do
this before attending a nicotine patch dose-titration
appointment.

A strength of this study is that the data were obtained
as part of a well-conducted randomized controlled trial
and included reported smoking behaviour with concurrent
CO and cotinine estimation at several time-points. To our
knowledge, there has been no previous study that has
investigated smoking behaviour and CO exposure from
concurrent use of nicotine patches and smoking in
pregnancy. Hence, we believe this makes an original contri-
bution to the field. Another strength is that comparisons
are based on ‘within-participant’ measurements; this
means that inter-participant variations are very unlikely
to explain study findings. Indeed, with this study design
one would only expect findings to be affected by character-
istics of women which were prone to change between base-
line and follow-up. Women's nicotine metabolic rates
(NMR) increase as pregnancy progresses, and these would
be expected to affect their plasma nicotine concentrations
and so. potentially, also their cravings and intensity of
smoking [13,21]. However, any effect would seem to be
marginal as, even in the placebo group, women reported
smoking fewer cigarettes. Also, as pregnancy-related
NMR acceleration is generally complete by the end of the
first trimester and women's mean gestation at baseline

was ~13 weeks, there may have been little scope for this
factor to have any influence. It seems likely, therefore, that
the differences reported reflect differences in smoking be-
haviour and not changes in women's physiology during
pregnancy.

Our study informs about cotinine concentrations in
pregnant women who use nicotine patches but are not ab-
stinent from smoking, and show that cotinine concentra-
tions in such women were no higher than when they
were smoking. Additionally, women included in this study
had simultaneous and statistically significant reductions
in their cigarette use, validated by a reduction in expired
CO. This suggests that when pregnant women use nicotine
patches and smoke, they smoke less than they would if they
were not using nicotine patches. This is important, as it
could influence how women are advised to use NRT in
pregnancy, i.c. encouraged (o continue using NRT despite
a relapse.

We are unaware of any previous studies measuring
cotinine or CO in smokers who concurrently use NRT
during pregnancy. A systematic review and meta-analysis
that aimed to identify and describe studies which report
nicotine or cotinine concentrations in pregnant women
when smoking, and subsequently when abstinent from
smoking and using NRT. concluded that among pregnant

© 2019 The Authors. Addiction published by John Wiley & Sons Lid on behalf of Society for the Study of Addiction

women who quit smoking. standard-dose NRT generates
lower nicotine exposure than smoking [14]. The meta-
analysis compared cotinine exposures when pregnant
women smoke with those when they use NRT and found
that concentrations were, on average, 75.3 ng/ml lower
when abstinent and using NRT than when the same
women smoked [14]. In SNIPP, salivary cotinine concen-
trations at baseline (when smoking) were compared to
cotinine concentrations at 1 month in women who had
stopped smoking but were using nicotine patches. Cotin-
ine concentrations were 98.5 ng/ml while smoking, but
only 62.8 ng/ml while using nicotine patches [17]. In
our study we found that women who were assigned the
placebo patch but admitted to smoking also exhibited re-
duced cotinine concentrations compared to those when
smoking alone.

Most studies in the above review used lower nicotine
doses than were used by participants in this paper’s analy-
ses: other than SNIPP. studies used standard rather than
higher doses of nicotine, and these delivered no more than
15 mg cotinine in 16 hours or the 24-hour equivalent
[14]. Thus, when pregnant smokers become abstinent
and adhere with such ‘standard’ doses of NRT they are,
on average, exposed to less nicotine than from smoking
[14]. In SNIPP. patch doses were adjusted according to
the previous saliva cotinine determination to optimize the
nicotine substitution leading to somewhat higher mean
nicotine doses than usual (18 mg/day, SD = 6.8). It is
expected that the dose adjustment would improve nicotine

substitution, thus it is possible that women assigned
nicotine patches in the 8-week sample would have higher
cotinine concentrations than they had at baseline. Despite
this adjustment, there was no significant difference in
cotinine concentrations in women who were assigned
nicotine patches and admitted to smoking compared to
those when smoking alone. This also suggests that
smoking and using nicotine patches of ‘standard’ doses
may lead to lower cotinine concentrations during preg-
nancy than smoking alone, prior to pregnancy.

Our findings provide the first data we are aware of
which quantifies pregnant women's smoking behaviour
when using nicotine patches, and this suggests that when
pregnant women use nicotine patches as part ol a quit at-
tempt, but also smoke, they smoke less than they did before
the quit attempt started. This means that their exposure to
the toxic products of burnt tobacco is reduced. A possible
reason for this is that women who continue to smoke when
using nicotine patches obtain nicotine from both patches
and tobacco, and nicotine delivered from patches reduces
women's cravings such that they feel less need to ‘top up’
concentrations of nicotine in their body fluids through
smoking. This suggests that clinicians can reassure women
that it is alright to smoke and use nicotine patches if, ulti-
mately, they are trying for abstinence.

Addiction, 114, 1651-1658
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CONCLUSIONS

In conclusion, despite having similar cotinine exposure to
that from cigarette smoking, pregnant women who use
nicotine patches and smoke, smoke less and exhale less

CO, so their exposure to other tobacco smoke toxins is also
likely to be lower.
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Table S1 Baseline to 8-weeks after the quit date ‘within-
participant’ differences in indicators of smoking intensity
in pregnant smokers by treatment group, with a signifi-
cance test for interaction with nicotine patch

Figure S1 Graph to show interaction of nicotine patches on
cigarettes smoked at 2-weeks with increasing number of
cigarettes smoked at baseline. The shaded area represents
the 95% confidence intervals. As the shaded area for num-
ber of cigarettes smoked between 100-250, is below 0,
there is a significant interaction of nicotine patches for a re-
duction of cigarettes smoked at 8-weeks in women that
smoked between 100-250 cigarettes in the week prior to
baseline compared with placebo.
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1. * Review title.
Give the title of the review in English
Pharmacological interventions for promoting smoking cessation during pregnancy

2. Original language title.

For reviews in languages other than English, give the title in the original language. This will be displayed with
the English language title.

3. * Anticipated or actual start date.

Give the date the systematic review started or is expected to start.
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4. * Anticipated completion date.
Give the date by which the review is expected to be completed.

30/09/2019

5. * Stage of review at time of this submission.

Tick the boxes to show which review tasks have been started and which have been completed. Update this
field each time any amendments are made to a published record.

Reviews that have started data extraction (at the time of initial submission) are not eligible for
inclusion in PROSPERUO. If there is later evidence that incorrect status and/or completion date has been
supplied, the published PROSPERO record will be marked as retracted.

This field uses answers to initial screening questions. It cannot be edited until after registration.

The review has not yet started: No

Review stage Started Completed
Preliminary searches Yes Yes
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Formal screening of search results against eligibility criteria Yes Yes
Data extraction Yes Yes
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Provide any other relevant information about the stage of the review here.
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The named contact is the guarantor for the accuracy of the information in the register record. This may be
any member of the review team.
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Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:
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7. * Named contact email.
Give the electronic email address of the named contact.

ravinder.claire@nottingham.ac.uk

8. Named contact address

Give the full institutional/organisational postal address for the named contact.
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Room 1502 Tower Building,

University Park,
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NG7 2RD

9. Named contact phone number.
Give the telephone number for the named contact, including international dialling code.
+44 (0)1157486682

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be
completed as 'None' if the review is not affiliated to any organisation.

University of Nottingham
Organisation web address:
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11. * Review team members and their organisational affiliations.

Give the personal details and the organisational affiliations of each member of the review team. Affiliation
refers to groups or organisations to which review team members belong. NOTE: email and country now
MUST be entered for each person, unless you are amending a published record.
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Professor Tim Coleman. University of Nottingham

Dr Mary-Ann Davey. Monash University
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12. * Funding sources/sponsors.

Details of the individuals, organizations, groups, companies or other legal entities who have funded or
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Ravinder Claire’s research studentship was funded by University of Nottingham in association with the
National Institute for Health Research (NIHR) Collaboration for Leadership in Applied Health Research and
Care East Midlands (NIHR CLAHRC East Midlands). This article presents independent research funded by
the National Institute for Health Research (NIHR) under the Programme Grants for Applied Research
programme RP-PG-0615-20003. Professor Coleman is an NIHR Senior Investigator; the views expressed in
this article are those of the author(s) and not necessarily those of the NHS, the NIHR, or the Department of
Health and Social Care

Grant number(s)

State the funder, grant or award number and the date of award

13. * Conflicts of interest.

List actual or perceived conflicts of interest (financial or academic).
Yes

Berlin, Ivan: lvan Berlin declares occasional honoraria from Pfizer Ltd for consultancy, participation in board
Qleatiigdaih pGatoetiiorBécifieritsf arydarstialigrifdatendedrealtthard MedicabResearch Council (NHMRC)
Career Development Fellowship to support work around life-course approaches to improving health equity in
the perinatal period for Aboriginal parents. Receives an NHMRC grant to co-design perinatal strategies to
support Aboriginal parents experiencing complex trauma. Contact/lead author for a Cochrane Review
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editorial calling for Australian researchers to oppose tobacco industry funding for smoking research.

Claire, Ravinder: none known.

Coleman, Tim: none known within the previous 36 months.

Cooper, Sue E: Sue Cooper is a co-applicant and is employed by funding for an NIHR Programme Grant for
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SNAP (Smoking Nicotine and Pregnancy) Trial, which is included in this review.
Davey, Mary-Ann: none known.
Leonardi-Bee, Jo: Jo Leonardi-Bee reports personal fees from undertaking independent statistical review for

Danone Nutricia Research, and a grant from the Food Standards Agency, both outside the submitted work.

14. Collaborators.

Give the name and affiliation of any individuals or organisations who are working on the review but who are
not listed as review team members. NOTE: email and country must be completed for each person,
unless you are amending a published record.

15. * Review question.

State the review question(s) clearly and precisely. It may be appropriate to break very broad questions down
into a series of related more specific questions. Questions may be framed or refined using PI(E)COS or
similar where relevant.

1. Are pharmacological interventions for smoking cessation used in pregnancy effective for smoking
cessation in later pregnancy and after childbirth?
2. Do pharmacological interventions for smoking cessation used in pregnancy affect adverse pregnancy and

birth outcomes?

This is an update to a previous Cochrane review. The trial sequential analysis will be performed and
published separate to the Cochrane review.

Coleman T, Chamberlain C, Davey MA, Cooper SE, Leonardi?Bee J. Pharmacological interventions for
promoting smoking cessation during pregnancy. Cochrane Database of Systematic Reviews 2015, Issue 12.

Art. No.: CD010078. DOI: 10.1002/14651858.CD010078.pub2.

16. * Searches.

State the sources that will be searched (e.g. Medline). Give the search dates, and any restrictions (e.g.
language or publication date). Do NOT enter the full search strategy (it may be provided as a link or
attachment below.)

We will search the Cochrane Pregnancy and Childbirth Group’s Trials Register by contacting the Trials
$barCodwameliReggnancy and Childbirth Group’s Trials Register is maintained by the Trials Search Co-
rditattn psd amhizinsS e Cidehtiisel @entral Register of Controlled Trials (CENTRAL);

2. Weekly searches of MEDLINE (Ovid);

3. Weekly searches of Embase (Ovid);

4. Monthly searches of CINAHL (EBSCO);

5. Hand searches of 30 journals and the proceedings of major conferences;

6. Weekly current awareness alerts for a further 44 journals plus monthly BioMed Central email alerts.

Details of the search strategies for the Cochrane Central Register of Controlled Trials (CENTRAL),
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MEDLINE, Embase and CINAHL, the list of hand searched journals and conference proceedings, and the list
of journals reviewed via the current awareness service can be found in the ‘Specialized Register’ section
within the editorial information about the Cochrane Pregnancy and Childbirth Group.

The search dates are from 11 July 2015, when the search for the previous review took place, to present day.

17. URL to search strategy.

Upload a file with your search strategy, or an example of a search strategy for a specific database, (including
the keywords) in pdf or word format. In doing so you are consenting to the file being made publicly
accessible. Or provide a URL or link to the strategy. Do NOT provide links to your search results.

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.

Give a short description of the disease, condition or healthcare domain being studied in your systematic
review.

Tobacco smoking during pregnancy is one of the most significant, potentially-preventable cause of a range
of adverse pregnancy outcomes, including placental abruption, stillbirth, miscarriage, preterm birth (less than
Gigassie'syeskitig cpasddontraintewed htdless etri@E00) globably through a reduction in the supply of
oxygen and other essential fetal nutrients; it is also associated with poorer fetal neuro-development.

Preterm birth is the leading cause of neonatal mortality and morbidity, with up to half of all paediatric
neurodevelopmental problems ascribed to preterm birth.

Low birthweight is a surrogate measure of the harmful impact of tobacco smoking on fetal development, and
there is evidence of an association between low birthweight and adult morbidities, including coronary heart

disease, type 2 diabetes mellitus, and obesity.

19. * Participants/population.

Specify the participants or populations being studied in the review. The preferred format includes details of
both inclusion and exclusion criteria.

Inclusion: any women who are pregnant, and are defined as smokers.

Exclusion: non-pregnant women.

20. * Intervention(s), exposure(s).

Give full and clear descriptions or definitions of the interventions or the exposures to be reviewed. The
preferred format includes details of both inclusion and exclusion criteria.

Pharmacological treatments aimed at promoting smoking cessation including, but not exclusive to,
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treatments that have been proven effective in non-pregnant adults, bupropion, varenicline; and electronic
Midattnea usliveoyidgstery SEMRS{ideadytidertinatelsvedkiobbedessdtioral support or cognitive behaviour therapy

(CBT) to participants in active drug and comparator trial arms.

21. * Comparator(s)/control.

Where relevant, give details of the alternatives against which the intervention/exposure will be compared
(e.g. another intervention or a non-exposed control group). The preferred format includes details of both
inclusion and exclusion criteria.

2. Belvabophissbppaviairsinsiapioteobiindahattpnsiiylénl thiangsise iR ongside NRT; or

22. * Types of study to be included.

Give details of the study designs (e.g. RCT) that are eligible for inclusion in the review. The preferred format
includes both inclusion and exclusion criteria. If there are no restrictions on the types of study, this should be
stated.

Inclusion: randomised controlled trials (RCTs), parallel- or cluster-randomised trials will be eligible for
inclusion.
Exclusion: quasi-randomised, cross-over and within-participant trial designs, due to the potential biases

associated with these designs.

23. Context.

Give summary details of the setting or other relevant characteristics, which help define the inclusion or
exclusion criteria.

24. * Main outcome(s).

Give the pre-specified main (most important) outcomes of the review, including details of how the outcome is
defined and measured and when these measurement are made, if these are part of the review inclusion
criteria.

Self-reported abstinence from smoking at the latest time point in pregnancy at which this is measured and,
where available, with biochemical validation using measures such as exhaled carbon monoxide, saliva
Ydtiereealidat tibsbsivherae datsanekdngi il @réhesimgvilitetinede . frefe fd Rdedo eselyeptids), anabasine.
Where available, we will also use prolonged, continuous abstinence measures timed from a quit date set in
early pregnancy and which allow temporary lapses to smoking as per the Russell Criteria for outcome
measurement in cessation studies. However, point prevalence abstinence measures will be substituted for
these as required.

* Measures of effect

Please specify the effect measure(s) for you main outcome(s) e.g. relative risks, odds ratios, risk difference,
and/or 'number needed to treat.

At the latest time point in pregnancy at which this is measured.

25. * Additional outcome(s).

List the pre-specified additional outcomes of the review, with a similar level of detail to that required for main
outcomes. Where there are no additional outcomes please state ‘None’ or ‘Not applicable’ as appropriate
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to the review

2. 8bigtyence from smoking after childbirth.

a. Miscarriage/spontaneous abortion;

b. Stillbirth;

¢. Mean unadjusted birthweight;

d. Low birthweight (less than 2500 g);

e. Preterm birth (less than 37 weeks' gestation);

f. Neonatal intensive care unit admissions;

g. Neonatal death;

h. Caesarean section;

i. Congenital anomaly;

j. Maternal hypertension;

k. Infant respiratory symptoms;

1. Infant development.

3. Adherence data.

4. Other adverse effects (serious adverse event data contributed to ‘safety’ outcomes, above).
5. Any reported long-term adverse effects of smoking cessation pharmacotherapies.

NB: A specific search will not be made for 3 and 4 above but, if present, these data will be extracted from

included studies and described qualitatively.

* Measures of effect

Please specify the effect measure(s) for you additional outcome(s) e.g. relative risks, odds ratios, risk
difference, and/or 'number needed to treat.

Adnersecentidayvalltoe mesaeiitdx doeagupeegatecpregnancy.

26. * Data extraction (selection and coding).

Describe how studies will be selected for inclusion. State what data will be extracted or obtained. State how
this will be done and recorded.

Teh studies retrieved during the searches will be screened for relevance, and those identified as being
potentially eligible will be fully assessed against the inclusion/exclusion criteria, and decisions made
regarding selection/rejection, as appropriate.

We will use the data extraction form that was used for the previous Cochrane Review, and for eligible
studies, two review authors (RC and another co-author) will use this to independently extract data from new
Fradsriaminndaiaiombe extracted will include: eligibility criteria (including: study design, participants), participant
characteristics (including: age, marital status, education level, parity, number of cigarettes smoked per day

prior to pregnancy), intervention information (including: type of intervention, level of behavioural support,
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comparison), and outcome measures (including: biochemically validated/reported cessation later in
pregnancy, birth outcomes).

The extracted data will be compared, with any discrepancies being resolved through discussion or, if
required, by consulting another co-author. If information regarding any of the details is unclear, we will
contact authors of the reports to provide further details. One author (RC) will enter the information into

Review Manager Software, with another author (JLB) double checking this for accuracy.

27. * Risk of bias (quality) assessment.

State which characteristics of the studies will be assessed and/or any formal risk of bias/quality assessment
tools that will be used.

Two review authors (RC and another co-author) will independently assess the risk of bias for each study
using the criteria established in the Cochrane Handbook for Systematic Reviews of Interventions. For all
studies, we will assess the following characteristics: random sequence generation; allocation concealment;
detection bias; performance bias; incomplete outcome data; biochemical validation of smoking status at
primary outcome point; and other sources of bias. We will judge all domains, using one of the following three
categories: “low risk of bias” “unclear risk of bias” or “high risk of bias”, according to the guidelines

proposed by the Cochrane Handbook for Systematic Reviews of Interventions. We will resolve any

discrepancies through discussion with a third co-author.

28. * Strategy for data synthesis.

Describe the methods you plan to use to synthesise data. This must not be generic text but should be
specific to your review and describe how the proposed approach will be applied to your data. If meta-
analysis is planned, describe the models to be used, methods to explore statistical heterogeneity, and
software package to be used.

We will carry out the statistical analysis using Review Manager software. Following the standard methods of
the Cochrane Tobacco Addiction Group for pharmacological interventions we will use a fixed-effects model
for meta-analyses of smoking abstinence data. For meta-analyses of safety and adverse events data we
used random-effects models as effects are likely to vary across populations due to significant differences in
baseline risk. Results will be presented as risk ratios with 95% confidence intervals.

If there are at least 10 studies included in the meta-analyses, we will consider performing random effects
meta-regression analyses to further explore reasons for heterogeneity, using Stata software. A caveat to
using this method for adherence data is that there is currently no standard method for reporting adherence;

however, for a meta-regression to be undertaken, studies must report adherence data similarly.

We will perform trial sequential analysis (TSA), as this methodology takes into account the volume of
significance testing which has been undertaken and adjusts the thresholds that are used to define whether or

not results are considered statistically significant. We will add the trials according to the year of publication,
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and if more than one trial has been published in a year, we will add trials alphabetically according to the last
name of the first author. We plan to estimate the required information size based on a type | error of 5% and
atype Il error of 10% to detect a risk ratio observed in trials with a low risk of bias.

We will also perform a sensitivity analysis using the parameters above, but using the upper bound of the
95% confidence interval for heterogeneity calculated by the TSA software. This TSA section will not be part

of the Cochrane review, and will be published separately.

29. * Analysis of subgroups or subsets.

State any planned investigation of ‘subgroups’. Be clear and specific about which type of study or
participant will be included in each group or covariate investigated. State the planned analytic approach.

For smoking cessation outcomes, we will explore reasons for heterogeneity between the studies using
suBtpoepanatgsesbaspldoebih e datimiet RBLHs:
2. Studies using different types of NRT both alone and in combination (i.e., short- and long-acting NRT);

3. Low dose NRT (less than 10mg/24hr) vs high dose NRT (greater than 10mg/24hr).

If there are at least 10 studies included in the meta-analyses, we will consider performing random effects
meta-regression analyses to further explore reasons for heterogeneity, and will also perform a sensitivity

analysis using the parameters outlined above.

30. * Type and method of review.
Select the type of review, review method and health area from the lists below.

Type of review

Cost effectiveness
No

Diagnostic
No

Epidemiologic
No

Individual patient data (IPD) meta-analysis
No

Intervention
Yes

Meta-analysis
Yes

Methodology
No

Narrative synthesis

Page:9/ 14

228



PROSPERO
International prospective register of systematic reviews
No

Network meta-analysis
No

Pre-clinical
No

Prevention
No

Prognostic
No

Prospective meta-analysis (PMA)
No

Review of reviews
No

Service delivery
No

Synthesis of qualitative studies
No

Systematic review
Yes

Other
Yes

Trial sequential analysis

Health area of the review
Alcohol/substance misuse/abuse
Yes

Blood and immune system
No

Cancer
No

Cardiovascular
No

Care of the elderly
No

Child health
No

Complementary therapies
No

COVID-19
No

Crime and justice
No

Dental

National Institute for
Health Research
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Digestive system
No

Ear, nose and throat
No

Education
No

Endocrine and metabolic disorders
No

Eye disorders
No

General interest
No

Genetics
No

Health inequalities/health equity
No

Infections and infestations
No

International development
No

Mental health and behavioural conditions
No

Musculoskeletal
No

Neurological
No

Nursing
No

Obstetrics and gynaecology
No

Oral health
No

Palliative care
No

Perioperative care
No

Physiotherapy
No

Pregnancy and childbirth
Yes

Public health (including social determinants of health)
No

National Institute for
Health Research
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Rehabilitation
No

Respiratory disorders
No

Service delivery
No

Skin disorders
No

Social care

No

Surgery

No

Tropical Medicine
No

Urological
No

Wounds, injuries and accidents
No

Violence and abuse
No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any added in error.
English

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out. For multi-national collaborations select all the
countries involved.

Australia
England
France

33. Other registration details.

Name any other organisation where the systematic review title or protocol is registered (e.g. Campbell, or
The Joanna Briggs Institute) together with any unique identification number assigned by them. If extracted
data will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.

34. Reference and/or URL for published protocol.

If the protocol for this review is published provide details (authors, title and journal details, preferably in
Vancouver format)

Add web link to the published protocol.

Or, upload your published protocol here in pdf format. Note that the upload will be publicly accessible.
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No | do not make this file publicly available until the review is complete
Please note that the information required in the PROSPERO registration form must be completed in full even

if access to a protocol is given.

35. Dissemination plans.

Do you intend to publish the review on completion?

Yes
Give brief details of plans for communicating review findings.?

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
Keywords help PROSPERO users find your review (keywords do not appear in the public record but are
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless
these are in wide use.

Bapanpiwit/se Cessation Devices
Nicotinic Agonists

Nicotine Replacement Therapy
Varenicline

Pregnancy

Pregnancy Complications
Pregnancy Outcome

Smoking Cessation

37. Details of any existing review of the same topic by the same authors.

If you are registering an update of an existing review give details of the earlier versions and include a full
bibliographic reference, if available.

This is an update of the following review: Coleman T, Chamberlain C, Davey MA, Cooper SE, Leonardi?Bee
J. Pharmacological interventions for promoting smoking cessation during pregnancy. Cochrane Database of

Systematic Reviews 2015, Issue 12. Art. No.: CD010078. DOI: 10.1002/14651858.CD010078.pub2.

38. * Current review status.

Update review status when the review is completed and when it is published.New registrations must be
ongoing.

Please provide anticipated publication date

Review_Ongoing

39. Any additional information.

Provide any other information relevant to the registration of this review.

40. Details of final report/publication(s) or preprints if available.
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Leave empty until publication details are available OR you have a link to a preprint. List authors, title and
journal details preferably in Vancouver format.

Give the link to the published review or preprint.
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ABSTRACT

Background

Tobacco smokingin pregnancy causes serious health problems for the developing fetus and mother. When used by non-pregnant smokers,
pharmacotherapies (nicotine replacement therapy (NRT), bupropion, and varenicline) are effective for increasing smoking cessation,
however their efficacy and safety in pregnancy remains unknown. Electronic cigarettes (ECs) are becoming widely used, but their efficacy
and safety when used for smoking cessation in pregnancy are also unknown.

Objectives

To determine the efficacy and safety of smoking cessation pharmacotherapies and ECs used during pregnancy for smoking cessation in
later pregnancy and after childbirth, and to determine adherence to smoking cessation pharmacotherapies and ECs for smoking cessation
during pregnancy.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (20 May 2019), trial registers, and grey literature, and checked
references of retrieved studies.

Selection criteria

Randomised controlled trials (RCTs) conducted in pregnant women, comparing smoking cessation pharmacotherapy or EC use with either
placebo or no pharmacotherapy/EC control. We excluded quasi-randomised, cross-over, and within-participant designs, and RCTs with
additional intervention components not matched between trial arms.

Data collection and analysis

We followed standard Cochrane methods. The primary efficacy outcome was smoking cessation in later pregnancy; safety was assessed
by 11 outcomes (principally birth outcomes) that indicated neonatal and infant well-being. We also collated data on adherence to trial
treatments. We calculated the risk ratio (RR) or mean difference (MD) and the 95% confidence intervals (Cl) for each outcome for each
study, where possible. We grouped eligible studies according to the type of comparison. We carried out meta-analyses where appropriate.

Phari ical inter i for p ing ingc ion during pregt y (Review) 1
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Main results

Weincluded 11 trials thatenrolled a total of 2412 pregnant women who smoked at enrolment, nine trials of NRT and two trials of bupropion
as adjuncts to behavioural support, with comparable behavioural support provided in the control arms. No trials investigated varenicline
or ECs. We assessed four trials as at low risk of bias overall. The overall certainty of the evidence was low across outcomes and comparisons
as assessed using GRADE, with reductions in confidence due to risk of bias, imprecision, and inconsistency.

Compared to placebo and non-placebo (behavioural support only) controls, there was low-certainty evidence that NRT increased the
likelihood of smoking abstinence in later pregnancy (RR 1.37, 95% Cl 1.08 to 1.74; 1> = 34%, 9 studies, 2336 women). However, in subgroup
analysis by comparator type, there was a subgroup difference between placebo-controlled and non-placebo controlled RCTs (test for
subgroup differences P =0.008). There was unclear evidence of an effect in placebo-controlled RCTs (RR 1.21,95% Cl 0.95 to 1.55; 1> = 0%, 6
studies, 2063 women), whereas non-placebo-controlled trials showed clearer evidence of a benefit (RR 8.55, 95% CI 2.05 to 35.71; I* = 0%,
3 studies, 273 women). An additional subgroup analysis in which studies were grouped by the type of NRT used found no difference in the
effectiveness of NRT in those using patches or fast-acting NRT (test for subgroup differences P = 0.08).

There was no evidence of a difference between NRT and control groups in rates of miscarriage, stillbirth, premature birth, birthweight, low
birthweight, admissions to neonatal intensive care, caesarean section, congenital abnormalities, or neonatal death. In one study infants
born to women who had been randomised to NRT had higher rates of 'survival without developmental impairment' at two years of age
compared to the placebo group. Non-serious adverse effects observed with NRT included headache, nausea, and local reactions (e.g. skin
irritation from patches or foul taste from gum), but data could not be pooled. Adherence to NRT treatment regimens was generally low.

Weidentified low-certainty evidence that there was no difference in smoking abstinence rates observed in later pregnancy in women using
bupropion when compared to placebo control (RR0.74, 95% CI 0.21 to 2.64; |2 = 0%, 2 studies, 76 women). Evidence investigating the safety
outcomes of bupropion use was sparse, but the existing evidence showed no difference between the bupropion and control group.

Authors' conclusions

NRT used for smoking cessation in pregnancy may increase smoking cessation rates in late pregnancy. However, this evidence is of low
certainty, as the effect was not evident when potentially biased, non-placebo-controlled RCTs were excluded from the analysis. Future
studies may therefore change this conclusion. We found no evidence that NRT has either positive or negative impacts on birth outcomes;
however, the evidence for some of these outcomes was also judged to be of low certainty due to imprecision and inconsistency. We found
no evidence that bupropion may be an effective aid for smoking cessation during pregnancy, and there was little evidence evaluating its
safety in this population. Further research evidence on the efficacy and safety of pharmacotherapy and EC use for smoking cessation in
pregnancy is needed, ideally from placebo-controlled RCTs that achieve higher adherence rates and that monitor infants' outcomes into
childhood. Future RCTs of NRT should investigate higher doses than those tested in the studies included in this review.

PLAIN LANGUAGE SUMMARY

Drug treatments and electronic cigarettes for gin preg y

What is the issue?

Smoking during pregnancy harms women and infants. However, many women who smoke struggle to stop whilst pregnant. Medication
for smoking cessation reduces the intensity of cravings, meaning that people trying to stop smoking are more likely to succeed in the long
term. Providing pregnant women who smoke with these treatments could help them to stop smoking and have a positive impact on both
their own health and the health of their infants.

Why is this important?

Medications commonly used to help people to stop smoking include nicotine replacement therapy (NRT), bupropion, and varenicline.
Electronic cigarettes containing nicotine are also used by some who smoke to help avoid smoking. However, the safety and effectiveness
of smoking cessation drugs and electronic cigarettes in pregnant women is unknown. We searched for studies looking at how good these
aids were at helping pregnant women stop smoking and how safe they were when used during pregnancy.

What evidence did we find?

We searched for evidence on 20 May 2019 and identified 11 randomised studies (studies in which participants are assigned to one of two or
more treatment groups using a random method) that enrolled a total of 2412 women. Nine studies tested NRT used alongside counselling
to stop smoking, whilst the other two studies tested bupropion.

Low-quality evidence suggests that NRT combined with behavioural support might help women to stop smoking in later pregnancy more
than behavioural support alone. Medication trials often use placebos, that is tablets or patches that look like the drug but do not actually
include it, so that each comparison group has equal expectation of success and there is a fairer test of the benefits of the medicine itself.
When just the higher-quality, placebo-controlled trials were analysed, the evidence suggested that NRT was more effective than placebo
NRT. There was no evidence that either nicotine patches or fast-acting NRT (such as gum or lozenge) was more effective than the other.

Phar ical inter i for p ing il ion during preg y (Review) 2
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Low-quality evidence suggests that bupropion may be no more effective than placebo in helping women quit smoking later in pregnancy.
We found no trials investigating other smoking cessation pharmacotherapies or electronic cigarettes.

There was insufficient evidence to conclude whether NRT had either positive or negative impacts on rates of miscarriage, stillbirth, preterm
birth (less than 37 weeks), mean birthweight, low birthweight (less than 2500 g), admissions of babies to neonatal intensive care, or
newborn deaths. However, in one trial where infants were followed until two years of age, those infants born to women who had been
randomised to NRT were more likely to have healthy development. Similarly, it is unclear whether bupropion had a positive or negative
impact on birth outcomes.

Studies that looked at whether women used their stop smoking medications as instructed found that use was generally low, and the
majority of women used little of the NRT they were given.

What does this mean?

More research evidence is needed, in particular placebo-controlled trials that test higher doses of NRT, encourage women to use sufficient
medication, and follow infants into childhood. Furthermore, more studies are required investigating the effect and safety of bupropion,
electronic cigarettes, and varenicline for giving up smoking during pregnancy.

Phar ical inter ions for pi ing il ion during preg y (Review) 3
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ABSTRACT

Background and aims  Smoking in pregnancy causes substantial avoidable harm to mothers and offspring; nicotine re-
placement therapy (NRT) may prevent this, and is used to help women to quit. A recently updated Cochrane Review of
randomized controlled trials (RCTs) investigating impacts of NRT in pregnancy focuses primarily on efficacy data, but also
reports adverse impacts from NRT. Here we identily and summarize NRT impacts on adverse pregnancy outcomes reported
in non-randomized controlled trials (non-RCTs). Methods ~ Systematic reviews and meta-analyses of RCTs and non-RCT
studies of NRT in pregnancy. with design-specilic risk of bias assessment and grading of recommendations, assessment,
development and evaluations (GRADE) criteria applied to selected outcomes. Findings Relevant Cochrane Review
findings are reported alongside those from this new review. Seven RCTs were included; n = 2340. Nine meta-analyses were
performed; non-statistically significant estimates indicated potentially reduced risk from NRT compared with smoking for
mean birth weight, low birth weight, preterm birth, intensive care admissions, neonatal death. congenital anomalies
and caesarcan section and potentially increased risks for miscarriage and stillbirth. CRADE assessment lor mean birth
weight and miscarriage outcomes indicated ‘low’ confidence in findings.  Twenty-three non-RCTs were included;
n = 931163, Eleven large studies from five routine health-care cohorts reported clinical outcomes; 12 small studies
investigated mainly physiological outcomes within in-patient women given NRT. Findings from meta-analyses lor
congenital anomalies, stillbirth and preterm birth were underpowered and not in a consistent direction: GRADE assessment
of confidence in findings was ‘very low’. Routine health-care studies were of higher quality. but implications of reported
findings were unclear as there was inadequate measurement and reporting of women's smoking. Conclusions  Available
evidence from randomized controlled trials and non-randomized comparative studies does not currently provide clear
evidence as to whether maternal use of nicotine replacement therapy during pregnancy is harmful to the fetus.

Keywords Birth outcomes, fetal health. health outcomes, nicotine replacement therapy, pregnancy. smoking,
smoking cessation.
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INTRODUCTION Stopping smoking in pregnancy improves birth outcomes
[7] and reduces the burden of health-care costs to the
Smoking in pregnancy has adverse effects on the health of ~ National Health Service (NHS) [8].

pregnant women and their offspring in the pre- and perina- The National Institute for Health and Care Excellence

tal periods and in later life [ 1-3]. Smoking rates are highest
among younger, socially disadvantaged pregnant women
[4.5]. and up to 38% of socio-economic inequalities in still-
births and infant deaths can be attributed to smoking [6].

© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society
Th article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

N open ac
provided the original work is properly cited.

(NICE) recommends nicotine replacement therapy (NRT)
in those women who are unable to stop smoking with
non-pharmacological interventions [9]. However, even
when pregnant women choose NRT, many do not use this
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for very long [10] and adherence to NRT by pregnant
women tends to be lower than in non-pregnant smokers
[ 10-12]. This poor adherence may at least partially explain
why NRT has been found to be less effective when used in
pregnancy [13]. One possible reason for poor adherence
1o NRT in pregnancy is maternal concern about the safety
of NRT. Qualitative interviews with pregnant women who
sought support from NHS Stop Smoking Services demon-
strated that they often reported using NRT intermittently
or stopping courses early due to safety concerns [14].

There is a strong theoretical rationale for using NRT to
avoid smoking in pregnancy; even if women do not stop
smoking completely, cigarette smoke exposes the fetus to
numerous toxins whereas NRT exposes them to only nico-
tine, and so is very likely to be safer [15]. A Cochrane Re-
view investigating the impacts of NRT in pregnancy has
recently been updated [13]. RCTs produce the least biased
evidence but they also generally have small sample sizes,
such that even when they are combined in meta-analyses,
small adverse impacts may not be detected. Well-
conducted, large non-RCT studies may be still prone to bias,
but comprehensive confounder-adjustment could aug-
ment RCT data and provide sufficient power to investigate
infrequent health outcomes following NRT use in preg-
nancy. The Cochrane Review focuses primarily on efficacy
data, with adverse effects reported as secondary outcomes.
Consequently, we conducted a systematic review of
non-RCT studies reporting usually adverse fetal or infant
health outcomes after pregnant women'’s use of NRT. Here
we report this process alongside the salety-orientated find-
ings from the updated Cochrane Review [ 13|, with the aim
of providing a comprehensive, objective and contemporary
assessment of whether and how use of NRT during gesta-
tion affects pregnancy outcomes.

METHODS
Randomized controlled studies (RCTs)

Standard Cochranc Review (CR) methods used are de-
scribed in the published review [13]. Searches, for RCTs
only, were concluded by 20 May 2019 and from included
studies we extracted data on the following outcomes:
miscarriage/spontancous abortion; stillbirth; birth weight;
low birth weight (< 2500 g); preterm birth (< 37 weeks"
gestation); neonatal intensive care unit admissions: neona-
tal death; cacsarcan section; congenital anomalies; infant
development: and respiratory symptoms. We assessed
study quality using Cochrane’s ‘risk of bias" tool. A priori,
we planned to use grading of recommendations, ass
ment, development and evaluations (GRADE) criteria for
birth weight and miscarriage/spontaneous abortion out-

comes, to report studies separately where in
meta-analyses I? > 75%, and to conduct subgroup analy-
ses for placebo and non-placebo RCTS.

Non-RCTs

A study protocol, written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-an s
(PRISMA) statement, was registered on PROSPERO
(International Prospective Register of Systematic Reviews)
[16,17].

Inclusion criteria

We sought published non-RCT studies, of any design, in
any language, reporting empirical data on potentially ad-
verse fetal or infant health outcomes following NRT expo-
sure or nicotine administration in pregnancy. Although
we wanted to identify all health outcomes, we anticipated
apriori that these would include at least some of the impor-
tant clinical outcomes in a relevant 2015 Cochranc
Review | 18] (see below).

Exclusion criteria

We excluded RCTs and studies which reported only
smoking-cessation outcomes [18].

Search strategy

A scarch strategy was developed in MEDLINE and then
adapted for the CINAHL, Embase, PsycINFO. CAB Ab-
stracts, Social Sciences Citation Index and Economic and
Social Rescarch Council databases. Supporting informa-
tion, Table S1 gives search terms; we combined those rele-
vant to pregnancy and fetal health with those referring to
NRT or nicotine use. NRT became available in the 1980s,
so we searched between 1980 and 12 June 2020,
hand-searching references from retrieved full texts, includ-
ing references from texts excluded from the review.
Authors were contacted, as required, for study details.

Study selection and data extraction

One reviewer screened titles and abstracts, rejecting those
which were not eligible for inclusion and retrieving manu-
scripts which appeared potentially includable or about
which there was uncertainty. Two reviewers indepen-
dently screened the full texts and a consensus decision
was made on inclusion: il consensus was not possible, a
third reviewer adjudicated. Study data were extracted by
one reviewer and checked by a second, using a piloted form
within Covidence (web-based systematic review platform)
[19]. Extracted data included: author’s details, publication
date, study design and objectives, recruitment and data col-
lection methods, participants” characteristics and study
outcomes. For NRT exposure, we extracted data
concerning when women were issued with or reported
using this, and how many times and by what method these
data were acquired. We also extracted smoking behaviour
data, and particularly any information on smoking before

© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction Addiction
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and after NRT use, including how often and by what
means, this was recorded.

Quality assessment

Two researchers independently quality-assessed studies
using modified versions of the Newcastle-Ottawa scale
(NOS) [20]. Disagreements about scoring were discussed
and consensus reached using a third assessor, if necessary.
One modified scale was created for studies in which NRT
was used as part of routine clinical care; this had a maxi-
mum score of eight stars. The other was used for smaller
cohorts in which NRT was an experimental intervention
(maximum score: seven stars). Both assessed three do-
mains: ‘selection’, ‘design and analysis’ and ‘outcome’,
and were modified by removal of the ‘demonstration that
outcome of interest was not present at start of study’ item
as pregnancy outcomes could only occur at childbirth,
The ‘comparability’ domain was renamed ‘design and
analy and we removed ‘was [ollow up long enough for
outcomes to occur?’ from the ‘outcome’ domain.
Supporting information. Appendix S1 details scale modifi-
cations and scoring.

Meta-analysis and GRADE criteria

We anticipated substantial variation in study designs and
outcomes, so decisions about meta-analyses were made
only after consideration of all included studies. Where ap-
propriate, we planned to pool data comparing outcomes
following NRT exposure with no NRT exposure. To provide
contextual information within the same studies we also
compared outcomes following reported NRT exposure with
those after smoking.

We created three exposure groups; those women who:
(i) were prescribed or reported being given or using NRT,
(ii) reported smoking but not being given NRT or (iii) nei-
ther reported smoking nor using NRT. As the only indica-
tion for using NRT in pregnancy is as a substitute for
smoking, we assumed that all women issued with NRT
would have smoked prior to this, so where studies catego-
rized women as only having used NRT and not having
smoked, we combined these groups with NRT-exposed
groups [rom other studies which did not make this claim.
Hence, we assumed that all women issued NRT would have
smoked at some point in pregnancy. Review Manager ver-
sion 5 software gencerated pooled risk ratios (RR) using a
random-effects model and an estimate of heterogeneity
using the I statistic from the Mantel-Haenszel model
[21]. As non-RCTs and RCTS are subject to very diflerent
biases and effects from unmeasured confounding, we de-
cided to present non-RCT and RCT studies in separate
meta-analyses. We anticipated that confounding due to
women's smoking before, during or alter use of NRT was
likely to be particularly important to estimates derived from

Fetal safety of NRT in pregnancy 3

meta-analyses of non-RCTs, as few empirical studies
attempted to adjust for this.

Table 1 shows GRADE [22] criteria that were applied to
assess strength of evidence for each meta-analysed out-
come. These rate the quality or certainty of evidence as
‘very low’, low’, ‘moderate’ or ‘high quality’; ratings start
at ‘high quality” for RCTs and ‘low quality’ for observa-
tional studies and GRADE criteria are used to
up/downgrade ratings, as appropriate. Two reviewers inde-
pendently applied criteria for each meta-analysed outcome;
disagreements were resolved by consensus [13].

RESULTS
RCTs

Full results, including the PRISMA diagram, are found in
the published CR [13], but of nine RCTs which investigated
NRT usc in pregnancy, seven reported infant and fetal
safety outcomes [23-29] and all were conducted in high-
income countries (n = 2340). All RCTs recruited pregnant
women who smoked and, as with non-RCTs, pregnancics
would have been exposed to tobacco smoke before women
joined trials. RCT groups all received either behavioural
support alone or with a placebo. or active NRT. Four
placebo-RCTs were judged to be at low [23,24.26,29]
and two non-placebo RCTs at high risk of bias [25.28]:
for the remaining study this was unclear [27]. High bias
risk was generally allocated to studies with no placebo
control.

All seven studies reported mean birth weight and gesta-
tional age at delivery and incidences ol low birth weight
(below 2500 g). Six reported rates of preterm birth (birth
before 37 weeks), miscarriage or spontaneous abortion
and stillbirth [23,24,26-29] and four reported rates of in-
fants” admissions to special care and of neonatal death
[23,24,26,28]. Three trials reported rates of congenital
malformation [23.24,27] and two reported caesarean sec-
tion rates [23,24]. One study [30] reported infants’ ‘sur-
vival without developmental impairment’ and respiratory
symptoms at 2 years.

Meta-analysis results: RCTs

Figure 1 shows RCT meta-analyses findings. There was no
evidence of a difference in risk of miscarriage/spontaneous
abortion between NRT and control groups [RR = 1.60,
95% confidence interval (CI) = 0.53-4.83, I* = 0%;
Fig. 1.1]. Similarly. there was no evidence of a difference
between the numbers of stillbirths in the NRT and control
groups (RR = 1.24, 95% CI = 0.54 to 2.84, P = 0%
Fig. 1.2). The pooled estimate for birth weight was higher
for the NRT than for the control group, but the Cls incorpo-
rated a small decrease in birth weight as well as a more
substantial increase, and heterogeneity was high [mean
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Table 1 GRADE criteria lor assessing non-RCTs.

GRADE
criteria Reasons to downgrade
Risk of bias Studies scoring < 6/8 for risk of bias in the quality assessment were reviewed and if perceived to have such a high risk of

bias that they could threaten findings' accuracy, downgrading by onc level occurred
Inconsistency 11> was > 50%, effect estimates for each study in the meta-analysis were assessed. If they were very different, with little-
to-no overlap of the confidence intervals around studies’ effect estimates, rating was downgraded by one level

Indirectness  This criterion assesses if evidence included in the review directly answers the review question. Quality of evidence was not
downgraded based on this criterion due to the problem/patient/population, intervention/indicator. comparison, outcome
(PICO) criteria used when searching. We felt our narrow PICO criteria meant that all studies included were reporting data
that answered the review question, as we wanted information on all health outcomes reported after NRT exposure in
pregnancy

Imprecision 1 the conlfidence interval for the effect estimate was so wide that it could be consistent with having an effect in either
direction, this was deemed to be a sign of imprecision and rating was downgraded by onc level

Publication Quality of evidence not downgraded based on this criterion due to the types of studies appraised

bias

Upgrading Quality of evidence not upgraded as there was no supporting evidence for the three recommended reasons to upgrade:

large magnitude of effect. the presence of a dose—response gradient or that the effect of all plausible confounding factors
would be to reduce the effect seen. It is also not recommended to upgrade a downgraded outcome

Criteria derived from the grading of

I criteria,

and ion (GRADE,

Jorking Group IHandbook |22]. For

meta-analysed studies” quality was judged against reasons to downgrade. If there was serious concern regarding any criteria (except ‘upgrading’), quality

of evi

difference (MD) = 99.73 g, 95% CI = -6.65 to 206.10,
2 = 70%: Fig. 1.3]. There was no evidence of a difference
in the incidence of low birth weight and there was much
heterogeneity in the analysis (RR = 0.69, 95%
CI=0.39-1.20, I> = 69%:; Fig. 1.4).

Analyses of rates of preterm births (RR = 0.81, 95%
CI=059-1.11F = 21%; Tig. 1.5), nconatal intensive
care unit admissions (RR = 0.90, 95% CI = 0.64-1.27;
> = 0%: Fig. 1.6) and neonatal deaths (RR = 0.66, 95%
CI = 0.17 to 2.62, PP = 0%; Fig. 1.7) all resulted in CIs
spanning one, incorporating the potential for both benefit
and bharm. Similarly meta-analyses of congenital
anomalics and cacsarcan birth suggested no clear evidence
for a benefit or harm from NRT (congenital anomalies:
RR =0.73,95% CL = 0.36-1.48, I> = 0%, Fig. 1.8: caesar-
can scction: RR = 1.18, 95% CI = 0.83-1.69, I* = 46%,
Fig. 1.9).

GRADE assessment found a ‘low" certainty of evidence
for mean birth weight and miscarriage/spontancous abor-
tion outcomes.

Narratively reported outcomes: RCTs

Two RCTs [23,24] reported the distribution of Apgar scores
at 5 minutes after birth, cord arterial blood pH, intraven-
tricular hacmorrhage, neonatal convulsions, necrotizing
enterocolitis, mechanical ventilation of infant, assisted vag-
inal delivery and maternal death between NRT and placebo
groups: no statistically significant differences were noted.
One RCT [30] reported infant outcomes after the neonatal
period. Using a composite self-report outcome based on the

nce was downgraded to ‘very low” quality. from the starting level of “low’ for observational (non-randomized controlled trial) studies.

Ages and Stages Questionnaire, 3rd edition instrument
[31], significantly better infant developmental outcomes
were observed in infants born to women who had been
randomized to NRT compared to those in the placebo
group. The odds ratio (OR) for infants reaching 2 years of
age ‘without developmental impairment’ (i.e. normal de-
velopment) was 1.40 (95% CI = 1.05-1.86). However,
there was no difference in parental reports of infants’ respi-
ratory symptoms; the OR for reporting of any respiratory
problem in the NRT group was 1.32 (95% CI = 0.97—
1.74).

Non-RCT studies
Study selection, characteristics and outcome measures

Atotal of 18467 titles and abstracts were identified and, af-
ter duplicate removal, 9391 records were screened.
Forty-five full text articles were retrieved and 23 were in-
cluded in the review; Tig. 2 shows the reasons flor study
exclusion.

Table 2 presents characteristics of the 23 included
studies (n = 931 163). Cleven were conducted in
health-care settings, used routine clinical data [32—42],
compared women prescribed or issued NRT with those
who were not and were derived from five discrete
birth cohorts. A UK cohort reported outcomes in two
manuscripts [32,34] and a PhD [38]: a Danish cohort
reported outcomes in five papers [33,35.37,39.42] and
Canadian [40], US [36] and Australian [41] cohorts
were reported in single studies. Eleven studies described
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1.1 Miscarriage and spontaneous abortion

Fetal safety of NRT in pregnancy 5

NRT Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Welght M-+, Random, 95% CI dom, 95% CI
Berlin 2014 1 189 1 188 16.0% 0.99 [0.06, 15.79] ————
Coleman 2012 3 515 2 521 384% 152(0.25,9.04] —
Oncken 2008 2 100 191 215% 1.82[0.17,19.74] R
Oncken 2018 167 0 67 121% 3.00 [0.12, 72.35] I - —
Pollak 2007 1 18 0 5 120% 1,50 [0.06, 36.27) "
Total (95% CI) 990 928 100.0% 1.60 [0.53, 4.83] e
Total events 8 4
Haterogensity: Tau? = 0.00; Chi = 0.28, df = 4 (P = 0.99); I*= 0% R o 100
Tost for overall offect: Z = 0.83 (P = 0.41) - Favours NRT  Favours control
1.2 Stillbirth
NRT Gontrol Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Welght M-H, Random, 85% CI M-, Random, 95% CI
Berlin 2014 5 189 § 188 50.2% 0.83 [0.26, 267] ——
Coleman 2012 5 512 2 518 257% 2.53 049, 13.00] T
Oncken 2008 2 100 191 121% 18207, 19.74] s
Pollak 2007 2 119 188 121% 0.99[0.08, 10.72) —
Total (85% CI) 820 857 100.0% 1.24[0.54, 2.84] -
Total ovents 14 10
Hetsrogenaity: Tau® = 0.00; Chi* = 1.33, df =3 (P = 0.72); ' = 0% e oa T
Test for overall effect: 2 = 0.51 (P = 0.61) . FavoUis NRT . Eaveiss sontisl
1.3 Mean birthweight (g)
NRT Control Mean Difference

Study or jrou) Moan 8D Total Mean 8D Total Weight Cl
1.3.1 Placabo-controlied trials
Berfin 2014 3,078 648 189 3,024 522 188 172% 54.00[-70.32,178.32]
Coleman 2012 3180 610 521 3200 590 621 204%  -20.00 [62.87, 52.87)]

2008 3287 566 93 2950 B53 90 139% 337.00[159.71,514.29
Oncken 2019 3141 562 67 3037 584 67 129% 104.00[-00.07, 208.07)
‘Wishorg 2000 605 124 3271 605 126 156% 186.00 [36.00, 336.00]
Subtotal (85% C %4 92 700% 119.01[4.24,24225]

Heterogenetty: Tau* = 14376.00; Chi* = 16.92, df = 4 (P = 0.002); I = 76%
Testfor overall effect Z = 1.89 (P = 0.06)

1.3.2 Non-placebo-controlied trials

ElMohandes 2013 3203 568 25 2997 482 25 G.1% 208.00[-8204,50404] —_—t
Polak 2007 3,053 681 109 3,148 648 57 119% -9500(-306.29, 116.29] +————————T——

‘Subtotal (85% Cf) 134 82 204% 36.30[256.19,32098]  ————eeneE———

Heterogeneity: Tau* = 27928.43; Chi* = 2.61, df = 1 (P = 0.11); = 62%
Teet for overall effect Z = 0.24 P = 0.81)

Total (95% CI) 1128 1074 100.0%
ity: Tau* = 13067.68; Chi* = 19,88, df = 6 (P = 0.003); ¥ = 70%

Testfor overall effect Z = 1.84 (P = 0.07)

Test for subgroup differences: Chi* = 0.26, df = 1 (P = 0.61), ' = 0%

99.73 [-0.65, 208.10] e R

200

200 100 100
Favours control - Favours NRT

Figure | Meta-analyses of randomized controlled trials (RCTs) (from Cochrane Review). [Colour figure can be viewed at wileyonlinelibrary.com]

NRT administration to small, experimental interventional
cohorts of inpaticnt pregnant women who usually
smoked but were temporarily abstinent [43-53], and were
based in Sweden [43,48], the United States [45,46,49—
53], the United Kingdom [44] and Finland [47]. These
mainly compared short-term fetal and maternal physio-
logical observations when abstinent and using NRT to
those when women smoked. The final Danish study was
interventional: participants were a subgroup of women
in a quasi-RCT who had been offered and accepted
NRT [54].

Maternal age was reported by 17 studies [32-36,38—
40,43,45.46,48-53] and used as a confounder in analy-
ses, but not reported in three [33,37.41.42].
Socio-cconomic status or education level was reported by
11 studies [ 32-40,42.51]. Maternal comorbidities were in-
cluded as confounders in six routine health-care studies
[32,34.37,38,40,41], and as exclusion criteria in five

interventional studies [46,50-53]. One interventional
study reported comorbiditics for cach participant and
analysed data by condition [44].

NRT exposure data was obtained from electronic medi-
cal records or prospectively from telephone interviews in
nine routine health-care studies [32-35,37-39.41.42];
two others collected data retrospectively  via
self-administered postal questionnaires [36.40] sent 3—
8 years [40] and 2-3 months [36] alter pregnancy. Al-
though women in the Danish cohort were asked in which
gestational weeks they had used NRT or smoked. manu-
scripts did not report the details [33,35,37,39,42] and
one routine health-care study reported median duration
of NRT use but not when, in pregnancy, this occurred
[40]. All 12 interventional studies reported women's gesta-
tional ages at NRT administration, with nine providing
mean gestational ages at exposure (range = 21.5-
35.6 weeks) [45.46.48-54].
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1.4 Low birthweight (<2500g)

NRT Control Risk Ratio Risk Ratlo
Study or Subgroup _Evants Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
141 Placabo-controllad triala
Berlln 2014 25 189 33 188 205% 0.75[047,1.22] =T
Coleman 2012 8 507 43 517 218% 1.33(0.91, 1.94] =
Oncken 2008 2 9B 16 8 9% 011[003,048) ————
Oncken 2019 4 &7 10 87 123% 0.40(0.13,1.21] ——r
Wisborg 2000 4 120 M 12 123% 037(0.12,1.13] —
Subtotal (95% C1) 978 979 76.4% 0.55 [0.28, 1.10] i
Total avents 91
H elty: Tau® = 0.42; Chi* = 17.24, df =4 (P =0.002); I*=77%
Test for overalleffect: Z = 1.70 (P = 0.08)
1.4.2 Non-placebo-controlled trisls
El-Mohandes 2013 3 2 4 2B 98% 0.75(0.18,3.01] e
Pollak 2007 17109 5 57 143% 1.78 (0.69, 4.67] TR
Subtotal (5% CI) 134 82 239% 135 [0.61, 2.98] g
Total events 20 ]
Heterogeneity: Tau* = 0.01; Chi* = 1.02, df = 1 (P = 0.31); F=2%
Test for overal effect: Z = 0.75 (P = 0.46)
Total (85% CI} 110 1081 1000% 0.69 [0.39,1.20] >
Total events 111 122
Heterogeneity; Tau* = 0.33; Chi = 19.28, df = 6 (P = 0.004); = 69% TR r T
Test for overall effect: Z = 1.33 (P = 0.18) -
Tast for subgroup diffrences: Che = 2.82, df =1 (P = 0,08), = 84.6% FRUrNISEY: Foveume camdl
1.5 Pretarm birth (birth <37 weeks)
NRT Gontrol Risk Ratio Risk Ratlo
Study or Subgroup _Events Total Events Total Weight M-H, Random, 85% C1 M-H, Randorm, 85% C
1.5 Placabo-controllad trials
Berlin 2014 9 189 20 188 20.0% 094052, 1.71] =
Coleman 2012 0 507 45 517 320% 081 [0.60, 1.36] il
Oncken 2008 7 8 16 8 118% 0.40(0.17,0.82] ——]
Oncken 2019 3 67 10 & 5% 0.30[0.09, 1.04] —_—
Wisborg 2000 10 120 12 12 127% 0.85(0.38, 1.89] —r
Subtotal (95% CI) 978 979 824% 0.74 [0.51, 1.06] &
Total events e 103
Heterogeneity: Tou? = 0.05; Chi* = 5.68, of = 4 (P = 0.22); F = 30%
Test for overall effect: Z = 1.64 (P =0.10)
152 Non-placsbo-controlled triala
El-Mohandes 2013 102 2 2% 18% 0.50(0.05, 5.17] —
Pollak 2007 24 119 9 58 158% 1.30 (0.6, 2.61] -
Subtotal (95% CI) 4 8 175% 120[0.62,2.35] -
Total events 2 1
Heterogenelty: Teu? = 0.00; Ch¥ = 059, df = 1 (P = 0.44); = 0%
Test for overall effect: Z =0.54 (P =0.58)
Total (95% CI} 120 1082 1000% 0.81[0.59,1.11] ®
Total events 104
Heterogeneity: Tau* = 0.04; Chi* TR %

Test for overal effect:

Test for subgroup differences: Ch = 1.58, df =1 (P = 0.21), = 36.8%
16 care unlt

Control
Stu Events Total Evenis Totsl Woi

Favoura NRT  Favoura control

10 189 13 188 186% 0.7 [0.34, 1.70]

3 807 35 517 564% 0.95 (061, 1.52]

7 93 11 8 UM% 0.58[0.24, 1.43]
13 119 4 58 103% 1.58 [0.54, 4.64]
%08 843 100.0% 0.80 [0.64,1.27] *
)
00; ChP = 2.20, df = 3 (P = 0.53); 1= 0%
001 o1 10 100
Test for overall effect: Z = 0.59 (P = 0.65) o R Eaiins contl
1.7 Neonatal death
NRT Control Risk Ratio Risk Ratio

Study or Subgroup _Events Total Events Total Woight M.H, Random, 95% CI M-H, Random, 95% G
Berlln 2014 2 189 0 188 207%  4.97[024,10281] —
Coleman 2012 o 507 2§17 207% 020(001,424) ¢+
Oncken 2008 19 2 85 5% 0.46(0.04,4.95] —
Pollak 2007 1 109 188 261% 053[003,8.35] —
Total (95% CI) 898 848 100.0% 0.68 [0.17,2.62]
Total events 4
Heterogenelty: Tau® = 0.00; Chi* = 2.42, df = 3 (P = 0.48); F = 0%
Test for overal effect: 2= 0.58 (P = 0.55) CON LN S L

Figure | Continued.
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1.8 Congenital anomalies

Fetal safety of NRT in pregnancy 7

NRT Control Risk Ratlo Risk Ratlo

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 85% CI

Beriin 2014 4 189 5 188 205% 0.80[0.22,2.92)

Coleman 2012 9 507 13 517 705% 0.71[0.30,1.64]

Total (95% CI) 696 705 100.0% 0.73 [0.36, 1.48]

Total everts 13 18

Heterogenelty: Tau® = 0.00; ChF = 0.02, df = 1 (P = 0.88); ¥ = 0% 7] 1 3 BT
Test for overal afect: 2= 0.67 (P = 0.39) Wi s

1.9 Caesarean section
NRT Control Risk Ratio Risk Ratio
MH, MH,

Berin 2014 28 189 30 188 380% 0.83[0.58, 1.48)

Coleman 2012 105 507 79 517 640% 1.36[1.04,1.77)
Total (96% CI) 896 705 100.0% 1.18[0.83, 1.69]
Total events 133 109

Heterogeneity: Tau? = 0.03; Chit = 1.87, df = 1 (P = 0.17); 2 = 48% +
Test for overall sffect: Z = 0.92 (P = 0.36) Gl Ft;‘o"" NRT1FIMN£!I0| 199
Figure | Continued.
Medline PsycINFO Embase CAB abstracts ESRC CINAHL SsCl Additional records
(n=5083) {n=1676) {n=7547) =250, (n=31) (n=1708) (n=1761) Kentintd through
other sources® (n = 4)
Total records Identified Duplicates removed
{n=18467) (n=9076)
Titles and abstracts screened Records excluded as study
{n=9391) criteria not met
{n=9346)

I

Full-text articles assessed for eligibility Full-text articles excluded
{n=45) n=22)
*  Swrongimervention

]

Studies included in narrative synthesis

‘ n=23)

Lanimal study
2 iradequate data aiter
Fequesting rom autors

l

(n=8}

Studles Included in quantitative synthesis |

Figure 2 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram: non-RCT review. PRISMA [17] flow diagram
showing study selection and reasons for study exclusion. *Hand searches of references located, a PhD thesis and an unpublished study at the time of

searching known to the authors.

Table 2 shows which studies reported or adjusted for
women's smoking before or after NRT use. Of the six studies
in meta-analyses, three reported women's smoking behav-
iour before NRT use/exposure [33,36,39], but data were
collected by questionnaire at set time-points, so no
smoking behaviour information was available later in par-
ticipants” pregnancies. Consequently, many pregnant
women in NRT-exposed arms of meta-analyses will also
have smoked, and exposures to NRT and smoking are not
completely differentiated. Two routine health-care studies
adjusted for smoking status during NRT use [33,37]. Two

routine health-care studies recruited only pregnant
women who smoked, and investigated impacts of using

NRT within this group [40,41]. Experimental studics all re-
corded women's smoking status at the time of recruitment,
and nine also validated abstinence just before NRT was
given to women [43-—46,48-52] and two followed partici-
pants until childbirth, collecting some information on
smoking after NRT exposure [53,54].

Table 3 summarizes studies’ outcomes. Routine
health-care cohorts reported pregnancy outcomes such
as congenital anomalies [34,35], birth weight [36-40],
gestational age at birth [36,37,39,40] and stillbirth
[32,33]. Interventional studies generally monitored physi-
ological ~ observations, including biophysical pro-
files [49,52], umbilical and uterine artery Dopplers
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Table 4 Modified Newcastle-Ottawa scale quality assessment scores: non-RCTs.

Selection

Routine health-care studies (max. 5 stars)

Design and analysis
(max. 1 star)

Outcome Totad
(max. 2 stars) (max. 8 stars)

Bérard 2016 [40] * ok X * * * ok ok ok
Dhalwani 2018 [32] Jook ok * * ek Fdk ok ok
Dhalwani 2015 [34] sk ke k * * ok %k ko ok
Dhalwani 2014 [38] Sk %k * * % ok k ok
Gaither 2009 [36] *k > * Fookkk
Lassen 2010 [37] ok Kk * * % % ok Kk kok
Milidou 2012 [39] B2 .22 * R85 8.8
Morales-Suarez-Varela 2006 [35] ke ok * * %k % %k ok Kok ok
Strandberg-Larsen 2008 [33] ek kk * * % ek Kk kK ok
Torp-Pedersen 2010 [42] ok kok * * ok ok ke ko
Tran 2020 [41] Kk * e >k Ak
Selection Design and analysis Outcome Total

Interventional studies (max. 4 stars)

(max. 1 star)

(max. 2 stars) (max. 7 stars)

Bruner 1991 [45] *
Gennser 1975 [43] *
Hegaard 2004 [54] *
Lehtovirta 1983 [47]

Lindblad 1987 [48] * ok
Manning 1976 [44] *
Ogburn Jr 1999 [49] *
Oncken 1997 [46] * ok
Oncken 1996 [50] * ok
Oncken 2009 [51] * k
Schroeder 2002 [53]

Wright 1997 [52] *

*
*

* ot

*

* ok * ok Kk

* % %k Kk
*

* *

* Jk Kk

* * ok

* % ek dekok

* K % % kok ok

* % R 8.2 8¢

* % % ok ok

* % ok Kk

* % Fok Kk

Quality assessment scores for routine health-care and interventional cohort studies as assessed by the modified Newcastle-Ottawa scale [20]; see Supporting

information. Appendix 1 for scales. RCTS = randomized controlled trials.

[45.46,50], fetal breathing [43,44] and heart rate [43,46—
48.50,51] and maternal blood pressure and heart rate
[43.46-52]; some also reported pregnancy outcomes
[48,52-54].

Quality assessment

Table 4 reports quality assessments. Routine health-care
studies had a median score of 6/8 stars |interquartile range
(IQR) = 5-7] and low scores often reflected a lack of valida-
tion of participants’ exposures (¢.g. NRT use), retrospective
exposure assessment or a lack of adverse outcome valida-
tion. Interventional studies’ median score was 4/7 stars
(IQR = 2.5-4.5); these often scored poorly on cohort repre-

sentativeness but relatively well for having biochemical
validation of smoking abstinence.

Meta-analysis outcomes

We performed meta-analyses for congenital anomalies,
stillbirth and preterm birth outcomes, but for others this
was not possible due to differences in study designs. Analy-
ses only included routine health-care studies. As

© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction

interventional cohorts used ‘before—after” designs without
appropriate comparison groups, the few which reported
birth outcomes could not be included. The study which in-
vestigated a subsample of quasi-RCT intervention group
participants selected intervention and comparison groups
in very different ways, and was judged unsuitable for inclu-
sion [54].

Major congenital anomalies after first-trimester NRT
exposure were reported using the Furopean Surveillance
of Congenital Anomalies and Twins (EUROCAT) classifica-
tion system in two studies [34,35,56]. Stillbirth rate was
reported in two; one study defined this as a baby born not
showing signs of life at > 28 weeks [32] and the other after
20 weeks [33]; we pooled these, as both represented death
in later pregnancy. One interventional study reported fetal
deaths but was excluded for the reason outlined above
[54]. Preterm birth (at < 37 wecks) was an outcome in
six studies, but only two were pooled [36,37]; three were
without appropriate comparison groups [40,41,54]
and one [39] duplicated findings from another included
study [37].

Addiction
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3.1 Congenital anomalies

NRT No exposure
Study or Subgrou Events Total Events Total Weight
Dhalwani 2015 90 2677 5131 179841 88.9%
Morales-Suarez-Varela 2006 11 250 2168 55915 11.1%
Total (85% C1) 2027 235756 100.0%
Total events 101 7298

Heterogenelty: Tau? = 0.00; ChP=0.01, df = 1 (F = 0.90); I = 0%
Test for overall effect: Z = 1.62 (P = 0.10)

3.2 Stillbirth

Dhalwani 2018 26 5221 683 197002 61.6%
Strandberg-Larsen 2008 8 1935 380 71839 384%
Total (95% CI) 7156 268841 100.0%
Total events. 34 1063

Heterogeneity: Tau® = 0.11; Chi? = 2.26, df = 1 (P = 0.13); 1= 56%
Test for overall effect: Z = 0.43 (P = 0.67}

3.3 Preterm birth

NRT No exposure
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl
Galther 2009 66 225 1185 4854 55.0%
Lassen 2010 72 1753 1721 83771 45.0%
Total (95% CI) 1978 58625 100.0%
Total events 138 2886

Heterogeneity: Tau?= 0.00; Chi?=0.10, df =1 (P =0.76); P = 0%
Test for overall effect: Z = 2.82 (P = 0.005)

Fetal safety of NRT in pregnancy 33

Risk Ratio Risk Ratio
M-H, Random, 85% CI M-H, Random, 95% CI
1.18 [0.96, 1.45]
1.13[0.64, 2.03]

117 [0.97,1.42]

0.1 1 10 100
Favours NRT Favours no exposure

1.44 [0.97, 2.12]
0.78 [0.39, 1.57]
1.14 [0.83, 2.04]
0.01 0.1 1 10 100
Favours NRT Favours no exposure
Rigk Ratio Risk Ratio

M-H, Random, 95% CI

1.22[0.99, 1.51]
1.28[1.02, 1.62]

1.25[1.07, 1.46] *

0.01 041 1 10 100
Favours NRT Favours no exposure

Figure 3 Meta-analyses of non-randomized controlled trials (RCTs). [Colour figure can be viewed at wileyonlinelibrary.comm]

Meta-analysis results: non-RCTs

Figure 3 shows non-RC'T meta-analysis findings. Compared
with no NRT use, there was no evidence for an association
between using NRT and risks of congenital anomalies
(RR =117, 95% CI = 0.97-1.42, I )1%: Fig. 3.1) or
stillbirth (RR = 1.14, 95% CI = 0.63-2.04, I = 56%;
Fig. 3.2). Similarly, when compared to smoking, NRT use
was not associated with anomalies (RR = 1.06, 95%
CI = 0.86-1.32, I* = 0%) or stillbirth (RR = 0.75, 95%
Cl = 0.41-1.36, I* = 54%). Compared with no NRT use,
meta-analysis of two studics suggested a slightly increased
risk of preterm birth (RR = 1.25, 95% CI = 1.07-1.46,
I7 = 0%: Fig. 3.3) but, compared to smoking, NRT was
not associated with greater preterm  birth  risk
(RR=1.12, 95% CI = 0.95-1.33, I = 0%). For “NRT ver-
sus no NRT' comparisons GRADE criteria certainty of evi-
dence for these outcomes was ‘very low’.

Narratively reported outcomes: non-RCTs

Table 3 reports outcomes by study. Two studies excluded
from the preterm birth meta-analysis compared risks of pre-
term birth following NRT use in women who smoked; there
was a significantly reduced risk in NRT users compared to
non-users in one paper (adjusted OR = 0.21, 95%
CI'=0.13-0.34) |40]. while the second showed no signifi-
cant difference (HR = 1.00, 95% CI = 0.71-1.42) [41].

Four studies reported mean gestational age at birth for
NRT-exposed women [40,48,52,53] but only one, which
enrolled only women who smoked, had a comparison
group [40]; with no statistical comparison, this reported
a mean (standard deviation (SD)) birth gestational age in
NRT users of 38.9 (1.9) weeks and in non-NRT users of
37.5 (3.3).

Three studies reported small for gestational age (SGA)
rates [40,41,54]. Two included only women who smoked,
with one reporting a significantly reduced risk of SGA in
those using NRT compared to those who did not (adjusted
OR = 0.61, 95% CI = 0.41-0.90) [40] and the other
showing no significant change in risk (HR = 0.77, 95%
Cl =0.56-1.07) [41]. The other study used very different
methods for selecting exposure groups rendering these
non-comparable, but reported no significant difference in
SGA rates [54].

Mean birth weight was reported by six studies
[37.38.40,48,52,53], threc  were interventional
|48,52,53] and three had comparison groups which were
too dissimilar to be aggregated [37,38,40]. One of these en-
rolled women who smoked reported, with no statistical
comparison, a mean birth weight (SD) in NRT users of
3257.9 g (553.1) and non-users of 2943.5 g (733.5)
[40]. A PhD thesis using medical record data compared
mean birth weight in NRT users and women who ncither
smoked nor used NRT in pregnancy and found these were
lower (B = —168 g, 99% Cl =-214 to —122, P < 0.001)

© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behall of Society for the Study of Addiction Addiction

272



Lauren Taylor et al.

34

(sanuguo))

pariodar saduaIYNpP

ANOIS-udamIog] “SUB{OWS 1de 0) ParedWod [MN JOYE SULIojoARM £U20[dA
MOT] AT9)IR SULIAN/[RITIGUM JO YH] UI SUI[aseq Wod] 2Fuerd s3Ruaniag «—
OUEL DYOISBIP/IOISAS A1ojie [edliquun uj —

sduruiow up Y oupseq T

1 £)100[0A POOJq O WLIOJIARM U 10 YH
Jaisaun pg ut YHg 1

D)AWL PUT UL SUMIYD JO Mes Je Yy |

SIQISAUIT) PIE PU (BUMMIYD JO SANUT ¢ 15B]) PUZ Y10q U Xapuy [easenr |
IO PIg

Ul — I2)SAWL pug ul wind SUImad jo sanun ()] 12y _Xaput enuasapic

KIDLIE [BOI[IGUIN 10 BLIOE [B19)

_,w_i::_m .aE:w w7 TN

yored mor Fz/8w 77 1IN
Sw + wnd [N

(J9psouLny pIg
pue puz u uswom £q pamayd) w 7 un

Bunjows 1 01 paredwon yoied 1R ANANRaT YH I dutjeseq woly Fury) —
Fupjows toye a5ueyd 03 patedwod
1G990 APPILL Uf AUI[ASE] WO d5U
AL B PAOWS SIYOWS-UOU

WA £39001 BULIIN J0 AI9)m [EaIquf) —
wng pomoL SuoyoLs-uou

/s3y0Ws 1oL UAYM SOPRL (1 § MA £93E UL 10 Loje (8
ANAIEEID B POYOLUS SIIYOWS JUILIMD JAYJE SONLI (] : § MA] AI0Me dUL)[)
WNS panayd SIRHOWS JUILIND JAYE SONEI (] § MA K198 ULy —
2jueso e

POWS £zp/(T < PANOWS 0T ASOT) UM SONEI T+ S MAJ £1011 Peomqui) |
WME POMIATD SINOWS JUILMD [T UM
wopArM £J100[A Moy £1a)1e [eorquip |

yojed saye xapul aoue)sisal A1

/saanjowss Jouxd uaym sonea ( :

sonjea ((1:

SAN0Y § 10} WIIql] py SI)JOeS
sanoy § 10§ paydde/Sw 17 yojed JuN

S(amamdn
aupoou Sw ') Supjows Sw 7 wnd YN

um3 3w g 19ye sjuswasow Funyeaiq 13 T

wng Sut § Joye SHUOUdAOW Suleduq (810 —

110.eS10 00RO} JAYE SjuAAOW Fulyealq o1powadopoude |
sums 1joq Ik syuawasow Fuiyiealq dporad;dwoudy «

_.mEm wng YN Sw 4 wnd YN
augoou Sw g
—£°1) Supjowig §w § wms [N Sw 7 umd [N

SUONVALISGO [010] U0 102> [N

bBupyows F asop

pup adfiy [N samsodxa augasng-18o

"SLOY-UOU SIOIINO [e150]

273

Addiction

SANUIUI ()¢ = JOJ WAUNSqQY

Funes saj-ayows Ul JUAUTISqY

SN0y ¢ = 10] Judunsqy

suoneaasqo eardojorssyd 1ag

KLep ayy ‘wrd § woyy Jusuysqy

SANUIW ()¢ = J0] JUAUNSAY

SMoY 7= 10] JUAUNSQY
SJUOWDAOWL Fulyjeauq (B30

Avafi puw toyw 1.4 fipms

SAYd [239) U0 YN JO SI090 jo Llewnung € dqey,

© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction



Fetal safety of NRT in pregnancy 35

[38]. Within a multivariate analysis which adjusted for re-
ported smoking behaviour, a population-based cohort
found no statistically significant associations between du-
ration of NRT use and mean birth weight (B = 0.25 g per
week of NRT use, CI =-2.31 to 2.81) [37].

Low birth weight (less than 2500 g) was reported by
three studies which seemed similar enough to be aggre-
gated, but due to heterogeneity (I° = 76%) are presented
separately [36,38,39]. One reported low birth weight inci-
dences of 2.4% in unexposed women, 2.9% in NRT users,
4.8% of women who smoked and used NRT and 4.3% in
smokers [39]. A retrospective questionnaire study found
that 13.1% of NRT-exposed women delivered low birth
weight infants and rates were 9.26% within women who
smoked and 6.99% with neither exposure [36]. Another
study reported that NRT exposure was associated with
increased risk of low birth weight when compared to no
exposure (OR = 1.88, 99% CI = 1.42-2.49, P < 0.001)
[38]. Two of these studies had the lowest quality scores of
all routine health-care studies (sce Table 4) [36,39].

Fetal death, a composite of stillbirth and miscarriage
[38]. delivery mode [38], infantile colic [39] and infant
strabismus [42], were reported in single studies and Table 2
reports these findings. Compared with no NRT use, expo-
sure was associated with reduced risk of fetal death
(OR = 0.44, 99% CI = 0.38-0.50, P < 0.001) [38]
and of assisted delivery (relative RR (RRR) = 0.68,
99% CI = 0.54-0.85, P < 0.001) but not with in-
creased risk of caesarean section [38]. A study of women
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suggest that NRT is not likely to have adverse impacts or be
more harmful than smoking in pregnancy. The robustness
of non-RCT evidence was poor, with meta-analyses' find-
ings affected by imprecision or potential biases, which
may explain the inconsistency in the direction of associa-
tions found in non-RCT meta-analyses. NRT-exposed
women are likely to have smoked at some point in preg-
nancy but, generally. this was not measured and so could
not be adjusted for in non-RCTs, making interpretation of
these studies’ findings particularly difficult.

Strengths and limitations

Our synthesis meta-analyses of non-RCT studies are limited
by the inherent biases in these study designs. An issue was
that ascertainment of NRT exposure relied upon maternal
self-report or prescription records. Women's recall may
not have been perfect and, as some women prescribed
NRT will not have used it, using prescription records could
overestimate NRT exposure. More importantly. studies gen-
erally assessed NRT exposure at only one or two
time-points in pregnancy and in most, smoking intensity
either before or after NRT use was not reported. despite
smoking being known to adversely affect outcomes. The
omission of detailed smoking data from non-RCT reports
was probably the greatest threat to these studies’ validity.
It is logical to assume that all women issued NRT would
have smoked at least in early pregnancy, and this will have
tended to reduce differences between exposure groups’ out-
comes. Only two non-RCT studies adjusted for smoking be-
haviour [33,37]; others could be subject to confounding of
unknown magnitude. Another important issuc was that
NRT prescribing involved confounding by indication [57].
In three of the five birth cohorts which provided non-RCT
studics’ data, women issued with NRT had higher rates of
comorbidities and lower socio-economic status than other
women who smoked, and so very probably experienced
*higher-risk’ pregnancies [10,33,36] which may have sub-
stantially affected adverse outcomes. We believe that our
modified NOS for non-RCTs" quality assessments and the
application of GRADE criteria should help readers to under-
stand the degree to which observed associations might be
causal or due to bias, confounding or chance.

For the non-RCT review, only one reviewer screened ti-
tles and abstracts and extracted data; although another
person checked this, there was no parallel independent
screening or extraction by the second researcher, so re-
scarcher bias is a possibility. Additionally, some non-RCTs
may not have been indexed in databases, but we are confi-
dent that our comprehensive search strategy will have
found all which were and, hopelully, methods for assessing
bias and certainty of non-RCT evidence assist the findings’
interpretation.

Strengths of this work include applying ‘Cochrane-type’
review methods o find all available and relevant RCTs and
non-RCTs. We believe this is the first attempt to systemati-
cally retrieve and synthesize all studies which report fetal
and infant health outcomes alfter pregnant women have
used or been offered NRT, and that we have successfully
identified, assessed and presented together all relevant
studies. This. coupled with objective methods for assessing
studies’ biases and the strength of evidence produced by
meta-analyses, should provide a thorough report of what
is known about the impact of NRT on pregnancy outcomes.
Similar reviews have had less thorough search strategies,
presented only narrative data or have not attempted to as-
sess bias [15,58,59]. While meta-analyses are underpow-
cred, these remain the strongest currently available data
on NRT safety in pregnancy. and strengths and weaknesses
of the literature are highlighted. The juxtaposition of
non-RCT and RCT meta-analyses is perhaps the most use-
{ul feature of the review, and is illustrated by considering
findings regarding preterm birth. For this outcome,
meta-analysis of two non-RCT studies revealed a statisti-
cally significant association between NRT use and higher
rates of prematurity in which we have ‘very low’ certainty.
However, meta-analysis of data from seven RCTs provides a
non-statistically significant ‘best estimate’ for this associa-
tion being in the opposite (protective) direction. This direct
comparison helps the reader to more clearly appreciate and
consider the quality of available data before drawing con-
clusions. This disparity might be explained by women's
smoking cither before, alter or alongside NRT exposure,
which was generally not adjusted for by non-RCTs.
Smoking is well known to contribute to increased risk of
pre-term birth [60], and one of the included studics in this
meta-analysis acknowledges that the women recom-
mended or prescribed NRT by a health-care professional
might be those who smoke more heavily [36] and find it
harder to quit [61].

Findings in context of previous literature

The most robust research on the safety of NRT in preg-
nancy comes from RCTs, and we report meta-analyses for
nine salety-orientated outcomes [13]. In RCTs there is no
confounding by indication, and randomization ensures
that unknown confounders are distributed equally between
trial groups, so dillerences in birth outcomes can be as-
sumed to be caused by NRT. Although meta-analyses were
underpowered and there were no significant differences
between the NRT and control groups, the trend in
non-statistically significant point estimates derived from
these analyses is noteworthy. For low birth weight, preterm
birth, neonatal intensive care unit admissions, neonatal
death and congenital anomalies, point estimates suggest a
protective effect of NRT. whereas those for miscarriage
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and stillbirth do not. Additionally, caesarean section rates
were non-significantly higher following NRT but, in the ab-
sence of contextual data, it isnot clear if this is an adverse or
a positive outcome. This point estimate trend suggests that,
with more data from RCTs, NRT could well prove to be less
harmful than smoking in pregnancy. Due to design issues,
non-RCT meta-analyses are probably not methodologically
robust enough to inform clinical practice and their findings
do not add to those [rom RCT meta-analyses. Pregnant
women in non-RCT studies are only likely to have been pre-
scribed or offered NRT by clinicians if they smoked. Conse-
quently, to provide valid findings, these studies should
have assessed pregnant women’s smoking behaviour and
adjusted analyses for this. As the probable mechanism for
NRT improving birth outcomes is due to women stopping
smoking or smoking less, this is particularly important.

Further work

RCTs and robust population-based cohort studies from rou-
tine health-care settings are needed to improve the evi-
dence base for the safety of NRT use in pregnancy.
Electronic medical records databases offer the potential
for valid capture ol ncar-complete pregnancy outcome
data. However, to make a valid contribution to the litera-
ture, future non-RCT studies need better methods for quan-
tifying exposures to NRT and smoking during the whole of
pregnancy and to adjust for the latter in analyses.

CONCLUSIONS

The strongest data on the probable impacts of NRT expo-
sure in pregnancy on birth outcomes comes from RCTS,
and these provide no suggestion that NRT might be harm-
ful. Non-RCT studies have less consistent findings, due most
probably to inherent design weaknesses, and future obser-
vational studies should provide analyses which account for
the impact of smoking behaviour within women who also
use NRT in pregnancy.
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Abstract

Background: Assessing benefits and harms of health interventions is resource-intensive and often requires feasibility and pilot
trials followed by adequately powered randomised clinical trials. Data from feasibility and pilot trials are used to inform the design
and sample size of the adequately powered randomised clinical trials. When a randomised clinical trial is conducted, results from
feasibility and pilot trials may be disregarded in terms of benefits and harms.

Methods: We describe using feasibility and pilot trial data in the Trial Sequential Analysis software to estimate the required sample
size for one or more trials investigating a behavioural smoking cessation intervention. We show how data from a new, planned
trial can be combined with data from the earlier trials using trial sequential analysis methods to assess the intervention's effects.

Results: We provide a worked example to illustrate how we successfully used the Trial Sequential Analysis software to arrive ata
sensible sample size for a new randomised clinical trial and use it in the argumentation for research funds for the trial.

Conclusions: Trial Sequential Analysis can utilise data from feasibility and pilot trials as well as other trials, to estimate a sample
size for one or more, similarly designed, future randomised clinical trials. As this method uses available data, estimated sample
sizes may be smaller than they would have been using conventional sample size estimation methods.

Background

Demonstrating that health interventions work requires substantial resources. Often feasibility and pilot randomised clinical trials
(RCTs) are conducted before larger-scale randomised clinical trials are designed to determine benefits and harms (1-3). Feasibility
trials are used to ascertain information such as intervention acceptability, feasibility of intervention delivery, and recruitment
likelihood to help design more decisive RCTs (1). A pilot trial is a smaller version of a large-scale RCT, and is used to test whether
the main components of the trial, such as recruitment, randomisation, treatment, and follow-up assessments can all work together
(1). Moreover, their data can be used to inform sample sizes for large-scale RCTs (2, 3).

Trial sequential analysis is a methodology that can be used in systematic reviews and meta-analyses to control random errors,
and to assess whether further trials need to be conducted (4, 5). Trial sequential analysis as a method can be performed using the
Trial Sequential Analysis software, which is freely available alongside its user manual online at The Copenhagen Trial Unit website
(6). Here we employ Trial Sequential Analysis and combine data from feasibility and pilot RCTs testing a text message-based
smoking cessation intervention for pregnant women (‘MiQuit) (7, 8) to estimate the sample size that one or more future RCTs
would need to recruit, to provide a more decisive answer regarding the effect of the intervention. We also show how data from the
new, planned trial or trials can be combined with data from earlier trials using Trial Sequential Analysis to assess the intervention's
benefits and harms. Using Trial Sequential Analysis sample size estimation methods maximises use of available trial data and
consequently, the new RCT or trials may become smaller than they would have been using conventional sample size estimation
methods.

Conventional meta-analysis

Meta-analyses often influence future research; when planning future trials, investigators frequently use meta-analysis to provide
an accurate summary of an intervention’s likely effect. If all available RCTs are included, systematic reviews with meta-analyses
are considered the best available evidence, because power and precision of the estimated intervention effect is the best one can
get (9, 10). However, this does not necessarily mean that the available evidence is either sufficient or strong. Conventional meta-
analysis methods do not consider the amount of the available evidence in relation to the required sample size (11-13). The
reliability of a statistically significant intervention effect generated by meta-analysis is often overvalued, particularly where sparse
data (number of events and participants) or repetitive analyses (type | errors) are employed (6, 10, 14, 15). In other situations,
intervention effects that are not statistically significant are often interpreted as showing that the intervention has no effect, and it
is assumed that no more evidence is required (type Il errors) (16, 17).
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In conventional meta-analysis, there is no way to differentiate between an underpowered meta-analysis and a true finding of an
intervention being ‘ineffective’. However, it is imperative that a conclusion as to whether an intervention is truly ineffective or truly
effective is made as soon as possible after trials are completed, in order to guide investigators’ decisions as to whether further
trials could be informative or not (6). Trial sequential analysis is a methodology that can overcome this issue by distinguishing
whether meta-analyses provide evidence for either beneficial or harmful intervention effects, lack of effect (futility), or insufficient
evidence for evaluation of the intervention effect (6, 18).

Methods
Trial Sequential Analysis

Meta-analyses aim to discover the benefit or harm of an intervention as early and as reliably as possible. As a result, they tend to
be updated when new trials are published (19). When intervention evaluation has just begun and only few, smaller trials are
available, meta-analyses may be conducted on sparse amounts of data and are at high risk of random type | and type Il errors
(20). As meta-analyses are updated they are subjected to repeated significance testing, which increases the risk of type | errors
(21). When there are few data available, the Trial Sequential Analysis software resolves these issues by having stringent
thresholds for assessing statistical significance, using monitoring boundaries. Monitoring boundaries also take into account the
volume of significance testing which has been undertaken through adjusting the thresholds that are used to define whether or not
results are considered statistically significant (6).

Trial Sequential Analysis is also able to assess when an intervention has an effect smaller than what would be considered
clinically minimally important (6). Futility boundaries, originally developed for interim analysis in RCTs, can be estimated and used
to provide a threshold below which an intervention would be considered to have no clinically important effect (6). Thus,
performing further trials is considered futile as the intervention does not possess the postulated clinically minimally important
effect (6).

In Trial Sequential Analysis, when neither the monitoring boundaries nor the futility boundaries are crossed, further information is
usually required. Trial Sequential Analysis can also inform how much more information is required to get a conclusive answer
regarding the effect of the intervention versus its comparator - this is called the distance between the accrued information and the
required information.

Required information size:

For RCTs, an estimation of the required sample size is performed to ensure the number of participants included is enough to detect
or reject a minimum clinically important effect size (17). For binary outcomes, such as death, the sample size estimation is based
on the expected proportion of deaths in the control group, the expected relative risk reduction of the intervention, and the selected
maximum risks of both type | and type Il errors (18). Similarly, for meta-analyses to produce adequately powered findings
regarding intervention efficacy, sufficient numbers of participants need to be included. This number is referred to as the ‘required
information size' (or ‘optimal information size’ or ‘meta-analytic sample siz€') (22, 23). The meta-analytic required information size
can be estimated using similar parameters as those used in sample size estimation for a single trial if one uses a fixed-effect
model. If one intends to use a random-effects model, then one needs to consider adjusting for any between-study heterogeneity
measured by inconsistency (1?) or diversity (D?) (18). Inconsistency is the test statistic for heterogeneity usually used in meta-
analysis, and diversity characterises the proportion of between trial variation in any meta-analysis relative to the total model
variance of the included trials (24). Diversity is equal to inconsistency or larger (24). Heterogeneity between studies is likely to be
observed in meta-analyses due to the magnitude of the intervention effect varying when used in different study populations, in
studies with different methodological characteristics, or due to variations in the intervention itself (13). Thus, sample size
estimations need to be increased to allow for this between-trial heterogeneity (18).

In the Trial Sequential Analysis software, trials are chronologically ordered, and interim analyses are conducted as each trial is
added using summary data from each trial. In a Trial sequential analysis where the required information size' has not been
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reached, the threshold for statistical significance is inflated to account for sparse data and multiple testing of the interim analyses
using monitoring boundaries; thus, the 95% confidence interval is not providing coverage of the real uncertainty and the cut-off for
determining statistical significance is below the usual nominal figure of 0.05 (18). Furthermore, the Trial Sequential Analysis
software provides adjusted confidence intervals if the ‘required information size' has not been reached, which we refer to as Trial
Sequential Analysis-adjusted confidence intervals (18). Technical details regarding how monitoring boundaries, information size,
and Trial Sequential Analysis-adjusted confidence intervals are calculated can be found elsewhere (6, 18).

In the worked examples below, we show how the Trial Sequential Analysis software can be used to estimate the sample size
required for one or more new trials to add further data to a meta-analysis to provide more firm evidence for an intervention either
having or not having the postulated effect.

Results

In this section, we provide an example of how Trial Sequential Analysis successfully used data from feasibility and pilot RCTs that
tested MiQuit, a text-message, self-help smoking cessation intervention for pregnant women, to justify research funds to undertake
a third, more adequately powered RCT.

Previous MiQuit trials

Smoking during pregnancy increases the risk of miscarriage, stillbirth, low birth-weight, premature birth, perinatal morbidity and
mortality, sudden infant death, as well as adverse infant behavioural outcomes (25, 26). Pregnancy is a life event which motivates
cessation attempts amongst smokers and over 50% of pregnant women who smoke attempt to quit during this time (27),
consequently pregnancy is an opportune moment to offer smoking cessation support. Text message, self-help support, smoking
cessation programmes developed for non-pregnant smokers are effective, but such programmes are inappropriate for use during
pregnancy (28-30). To address the lack of acceptable self-help, support cessation programmes for pregnant smokers in the UK,
MiQuit was developed (7). MiQuit delivers individually-tailored text messages to pregnant smokers, with the aim of encouraging
them to stop smoking (7). Further details on MiQuit can be found elsewhere (7).

A MiQuit feasibility RCT was conducted, including 207 women. Biochemically-validated, 7-day point prevalence cessation at 12
weeks post randomisation (~6 months gestation) was 12.5% in the experimental MiQuit group, compared with 7.8% in the control
group (odds ratio (OR) 1.68, 95% confidence interval (Cl) 0.66 to 4.31) (7). Although the trial was small, and the cessation period
brief, the trial provided an estimate suggesting that MiQuit could have a positive impact in addition to routine care.

The feasibility RCT lead to minor changes to the intervention, before a pilot RCT was conducted to investigate the feasibility of
undertaking a fully-powered multi-centre RCT in UK National Health Service (NHS) settings (8). The pilot MiQuit RCT recruited 407
pregnant women that smoke, which had largely similar baseline characteristics to those in the feasibility RCT. The self-reported
abstinence from 4 weeks post-randomisation until late pregnancy follow-up (approximately 36 weeks gestation) biochemically
validated at follow-up was 5.4% in the experimental MiQuit group versus 2.0% in the control group (OR 2.70, 95% CI 0.93 to 9.35)
(8). This trial also suggested a beneficial effect of MiQuit.

As MiQuit is a cheap intervention and can be disseminated widely, it was anticipated that even a 1% to 2% absolute effect on
smoking cessation in pregnancy could be clinically important and cost effective (8). The results from the feasibility and pilot trials
suggested that an impact of this size was attainable; however, an adequately powered RCT would still be needed to determine
whether MiQuit is effective and guide future routine clinical practise.

Conventional meta-analysis

The conventional way to determine if an intervention is effective or not is to use the naive alpha of 5% and the naive 95%
confidence interval (10). Since both the feasibility and pilot trials used almost the same design as was planned to be used in the
new RCT, they can be considered as pilots and it would be appropriate to meta-analyse these trials’ findings together. Using a
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random-effects model, a traditional meta-analysis of pilot and feasibility studies’ data found, that women randomised to MiQuit
were more than twice as likely to be abstinent in their pregnancy (pooled OR 2.26, 95% CI 1.04 to 4.93; 12=0%, p=0.041). This result
seems to be significant according to conventional assessment (p<0.05). However, this result should be interpreted with caution
because, as described above, findings from meta-analyses based on only two small RCTs can produce spurious findings due to
type l error (11, 12, 22) (please see below).

In the next sections, we use conventional sample size estimation methods to estimate the sample size for an RCT which, on its
own would have enough power to show whether MiQuit might be effective, using a plausible treatment effect estimate derived
from the conventional meta-analysis above. We also calculate a second sample size estimate for one or more further RCTs, which
when pooled with data from feasibility and pilot trials using Trial Sequential Analysis methods, would be similarly decisive.

Conventional sample size estimation

As the pilot trial (8) was considered at lower risk of bias compared to the feasibility trial (7), a traditional sample size calculation
using smoking cessation rate estimates derived from the pilot trial suggests a new trial would require a total sample size of 1292
participants. This estimate has 90% power (10% type Il error) and 5% significance (2-sided test; type | error) to detect a 3.4%
absolute difference in prolonged abstinence from smoking from 4 weeks after enrolment until 36 weeks gestation between the
MiQuit and control groups (5.4% versus 2.0%) (8).

Trial Sequential Analysis

Figure 1.l illustrates a Trial Sequential Analysis incorporating findings from the MiQuit feasibility (A) (7) and pilot (B) (8) trials. In
this Trial Sequential Analysis output, the x-axis represents the number of participants and marked on this are the numbers of
participants recruited to each trial. The y-axis represents the z-score, where a positive z-score favours the MiQuit intervention and a
negative z-score favours the control.

The z-score is the test that helps you decide whether to accept or reject the null hypothesis. Very high positive or very low negative
z-scores are associated with very small p-values. The critical z-score values when using a 95% confidence level, which are known
as the ‘conventional test boundaries’, are -1.96 and +1.96 and these relate to a two-sided p-value of 0.05. If the z-score is between
-1.96 and +1.96, the p-value will be larger than 0.05, and the null hypothesis of no difference between intervention groups is
accepted. The z-curve represents the cumulative z-score as each RCT is added to the analysis. In Figure 1.1, when trial B is added
to the analysis, the z-curve crosses the conventional test boundary (p=0.05). This is consistent with the results from the
conventional meta-analysis for MiQuit, where we found p=0.041.

The required information size is represented by the vertical red line in Figure 1. The required information size was estimated using
the same variables as used for the conventional sample size estimation above (90% power, 5% significance, to detect a 3.4%
absolute difference) (8); although this estimate could take into account observed heterogeneity, there was none in this meta-
analysis (1> = 0% and D2 = 0). Consequently, the estimated required information size of 1296 participants is only slightly different
to that using conventional sample size estimation due to rounding errors. The estimate would be larger if heterogeneity were
present.

As the cumulative z-curve does not cross the upper trial sequential monitoring boundary for benefit, this Trial Sequential Analysis
shows that further information is required before any firm conclusion can be reached about MiQuit efficacy. Although the
conventional meta-analysis suggested, with borderline significance, that pregnant women randomised to MiQuit were more than
twice as likely to be abstinent from smoking in late pregnancy, the Trial Sequential Analysis software shows that this finding is not
sufficiently robust. The Trial Sequential Analysis-adjusted confidence intervals for cessation using MiQuit (pooled OR 2.26, Trial
Sequential Analysis-adjusted Cl 0.66 to 7.70), are much wider than those of the conventional meta-analysis (pooled OR 2.26,95%
Cl1.04t04.93).
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Without Trial Sequential Analysis having been undertaken, an interpretation of the conventional meta-analysis would have been
that MiQuit is effective. However, Trial Sequential Analysis indicates that one cannot be secure in this interpretation and further
trial data should be collected to eliminate the possibility that this is a false positive result, which can occur early in intervention

evaluation when small trials are undertaken.

Calculating sample size for a third MiQuit RCT

Trial Sequential Analysis has demonstrated that further RCT data are required before a firm conclusion about MiQuit efficacy can
be determined. As the initial two trials were sufficiently similar to be combined in Trial Sequential Analysis, we will now
demonstrate how Trial Sequential Analysis can be used to estimate the sample size for (a) further trial(s) — data from which, when
combined with the previous two trials in the Trial Sequential Analysis software, would be expected to provide a more decisive
answer regarding MiQuit efficacy. We will also demonstrate how exemplar theoretical findings from future trials which are both in
favour and against MiQuit having a positive effect would impact the Trial Sequential Analysis result.

Trial Sequential Analysis sample size estimation: Estimates derived from the Trial Sequential Analysis found the required
information size as 1296 participants. From the feasibility and pilot studies, 605 women have already been recruited and
randomised; therefore, the required sample size for further RCTs can be estimated as the difference between the required
information size minus the number of women already recruited into the previous trials; thus a sample size of 691 women (346 per
intervention group) would be needed, assuming a 1:1 ratio.

Figure 1.1l shows the Trial Sequential Analysis output after adding a theoretical third trial (C) with a sample size of 630 women

(315 per trial group), where an absolute difference of 3.17% was observed in favour of the MiQuit group versus the control group.
The Trial Sequential Analysis clearly shows the cumulative z-curve line crossing the upper trial sequential monitoring boundary
which indicates MiQuit being effective. As the trial sequential monitoring boundary has been crossed, the Trial Sequential Analysis
z-curve does not need to reach the required information size of 1296. In the present scenario, we can firmly conclude that MiQuit is
effective for smoking cessation compared with control (provided that all trials are valid and not influenced by systematic errors
(bias) or other errors).

When a theoretical third trial (D) with a negative outcome is included in the Trial Sequential Analysis (figure 1.11l), we observe a
different output. Here, the third trial of sample size 630 was intentionally given a negative outcome (absolute difference of -0.63%
in favour of control). Here we observe the z-curve drop below the conventional test boundary, and in a meta-analysis we would
have concluded that MiQuit was not effective. However, in the Trial Sequential Analysis, the futility boundary is not crossed, so we
are unable to decisively say that MiQuit is not as effective as control for smoking cessation. Due to the diversity, the required
information size has increased to 1941, meaning future trials will need a further 706 participants.

A conservative approach to sample size estimation using Trial Sequential Analysis: In the above example, the required information
size was derived using the smoking cessation effect from the pilot trial (8). Therefore, it can be contested whether data from the
pilot trial should be included in subsequent Trial Sequential Analysis. Consequently, one could exclude the data from the pilot trial
from the Trial Sequential Analysis and re-estimate the total number required (figure 2.1). Using this approach, to provide a
conclusive result, either a single trial of 1098 participants (549 per intervention group, assuming a 1:1 ratio) or multiple trials
cumulating to a total of 1098 participants, would be needed. This figure, although conservative, is still less than the estimate from
the conventional sample size calculation.

Figures 2.1l and 2.11l also show the Trial Sequential Analysis outputs if theoretical trials C and D were included in the analyses. In
both situations further information is needed, despite the z-curve coming close to the upper trial sequential monitoring boundary in
figure 2.1l and the futility boundary in figure 2.111.

Sensitivity analysis
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The modelled scenario, in which there is no heterogeneity between trials in a meta-analysis is rare; in most situations where the
described approach is used, some heterogeneity between studies is to be expected. Trial Sequential Analysis provides 95%
confidence intervals for heterogeneity (D2) within meta-analyses. One way to fully allow for heterogeneity is to perform a
sensitivity analysis using the upper 95% confidence interval for the between-trial heterogeneity variance estimate. This would
increase the required information size. In our example, the program could not calculate the 95% confidence interval surrounding
the D2 of 0% as there were less than three included studies. In this case it is possible to input an estimate for heterogeneity into the
Trial Sequential Analysis software.

Discussion

The above example demonstrates how Trial Sequential Analysis can be used to determine the required sample size for one or
more additional RCTs to make a meta-analysis more conclusive. This sample size would be considered underpowered in
comparison to a traditional RCT sample size calculation. By using Trial Sequential Analysis in such a way, future trials could be
planned using significantly fewer resources and with less cost than trials planned using traditional sample size calculations.

In the worked example, data from the pilot trial were used in the Trial Sequential Analysis to estimate the required information size.
Ignoring that the same data is being used twice (for the estimation and for the meta-analysis) could mean that the estimate
generated is not sufficiently conservative. Thus, we present a modification which attempts to overcome this issue. This approach
increases the difference between required information size minus the accrued information by the sample size of the trial used in
the estimation.

It is important to note that in the example, the meta-analysis of the existing two MiQuit trials quantified heterogeneity as 0%,
indicating no heterogeneity. However, it is unlikely that this will be the case for meta-analyses of other interventions aimed at
changing addictive behaviours (31, 32); therefore, trial sequential analysis methods have been developed to account for this (22).
In Trial Sequential Analysis, estimated information size and monitoring boundaries, vary with the level of heterogeneity in the
meta-analysis, the greater the level of heterogeneity, the larger the sample size and the wider the monitoring boundaries needed to
reach firm conclusions about the effectiveness of the intervention. This is because the required information size is calculated
relative to the measure of heterogeneity, the fraction of the accrued information size and the point estimate (18).

In the examples presented, odds ratios were also used instead of relative risk, as the feasibility study was powered using an odds
ratio from a meta-analysis investigating mobile phone interventions for smoking cessation in the general population (7). Moreover,
the quit rates are relatively low, so there is very little difference between the odds ratio and relative risk. In other trial sequential
analyses, it may be advisable to use relative risks instead of odds ratios, to avoid overestimates. Additionally, it may be
inappropriate to use the odds ratio used to power the feasibility trial to estimate sample sizes for future MiQuit trials since data
now exists from the feasibility and pilot trials. In our example, the stipulated intervention effect was derived from the pilot trial
(internal data’), and it may be argued that such adaptive data should not be used in meta-analysis (33).

Kulinskaya and Wood argued that in an underpowered meta-analysis, not only is it necessary to assess the gap from the accrued
information size to the required information size (i.e. the number of additional participants you need to randomise), but also the
number of trials that should be conducted to randomise this number of participants (34). Using multiple trials to reach the required
information size may be beneficial in meta-analyses where heterogeneity occurs (34). Smaller trials have more imprecise
estimates of intervention effects; hence heterogeneity is reduced in the meta-analysis of such trials. However, setting up more than
one trial can be more expensive and may not be realistic in practice.

Recently, the Cochrane Collaboration evaluated and updated their guidance on using sequential approaches in meta-analysis in
their reviews (5, 10, 35). The Cochrane Handbook authors concluded that sequential methods should not be used in primary
analyses or to draw conclusions, but could be used as secondary analyses in reviews if they are prospectively planned and the
assumptions underlying the design are clearly justified (5, 10). In their guidance, the evidence synthesis group state that authors'
interpretations of evidence should be based on estimated magnitude of effect of an intervention and its uncertainty rather than
drawing binary conclusions, and decisions should not be influenced by plans for future updates of meta-analyses (10). These
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criticisms of sequential approaches in meta-analyses apply to the traditional use of Trial Sequential Analysis, whereas our paper
demonstrates an alternative use of the method.

Another reason given by The Cochrane Handbook authors against using sequential methods as a primary analysis in reviews, is
the argument that a meta-analyst does not have any control over designing trials that are eligible for meta-analysis (10). It would
therefore be impossible to construct a set of stopping rules (10). In our example, the opposite is the case. Both the feasibility and
pilot trials were conducted by the same group of investigators, and any future trials would have a consideration for the desired
properties of a stopping rule.

Finally, The Cochrane Handbook authors also highlight that there are methodological limitations to sequential methods when
heterogeneity is present (10). In the example described in this paper, heterogeneity was not detected, possibly due to the lack of
sufficient power to detect a moderate level. However, we do discuss how the presence of heterogeneity can be overcome in Trial
Sequential Analysis by performing a sensitivity analysis.

Conclusions

In conclusion, Trial Sequential Analysis is a freely available software that can utilise data from feasibility and pilot trials as well as
other trials, in order to estimate a sample size for one or more future RCTSs, to provide an adequately powered conclusion regarding
an intervention’s benefits and harms. This simple use of expensively collected trial data could be usefully exploited by researchers
evaluating other interventions.
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Appendix C

Professional Development

Masters modules

Advanced Statistical Methods (9 training units)

Research Methods in Epidemiology with Basic Statistics (19 training units)
Tobacco control interventions (9 training units)

Graduate school short courses

Microsoft Word: Creating and Managing Long Documents (2 training units)
Thinking Ahead - Career options and planning for PhDs (1 training unit)
Preparing for your confirmation review (0 training units)

Problems with academic writing (0.5 training units)

Structuring Your Thesis (1 training unit)

Faculty postgraduate Research Forum (Medicine and Health Sciences

Faculty) (4 training units)

Advanced presentation skills for researchers (moderated online learning

course) (2 training units)

Structuring Your Thesis (1 training unit)

Drafting a Chapter of your Thesis (1 training unit)
Applying for academic jobs - PhD students (1 training unit)

Applying for jobs outside academia - PhD students (1 training unit)
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Editing Academic Writing (0.5 training units)

Preparing for the viva (1 training unit)

Creating a strong argument for your thesis (0.5 training units)

External courses

Joanna Briggs Institute (JBI) Comprehensive Systematic Review Training

Program (10 training units)

NIHR CLAHRC EM skills session: Preparing your data for analysis with STATA

NIHR CLAHRC EM skills session: Writing for publication

Conferences and seminars

University of Nottingham Medicine & Health Sciences Faculty Postgraduate
Research Forum 2017 - ‘2 minutes of impact’ pitch and printed poster:
Nicotine replacement therapy for smoking cessation during pregnancy. (4

training units)

Society for Research on Nicotine and Tobacco (SRNT); Florence, Italy 2017
- Poster presentation: Nicotine Replacement Therapy for Smoking Cessation

during Pregnancy: A Trial Sequential Analysis.

SRNT-Europe; Munich, Germany 2018 - Poster presentation: Saliva
cotinine concentrations in pregnant women who smoke whilst using nicotine

replacement therapy

11th Congrés national de la Société Francophone de Tabacologie (CSFT;
National meeting of the Francophone Society of Tobacco); Paris, France

2017 - Attendance only.
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12th CSFT; Montpellier, France 2018 - Oral presentation: Mobile phone
interventions for smoking cessation in pregnant women that smoke. This

presentation incorporated some of the findings in Chapter 4.

NIHR ARC EM 3-Minute Thesis Presentation Day; Nottingham, UK 2018 -

Oral presentation: NRT for smoking cessation during pregnancy.

University of Nottingham Sue Watson Oral Presentation Event; Derby, UK
2019 - Oral presentation: Saliva cotinine levels in pregnant women who

smoke and use nicotine patches. (2 training units)

I have performed oral presentations describing TSA at research seminars
for the Division of Primary Care, and Epidemiology and Public Health at the
University of Nottingham; as well as at research seminars for biostatistics

and pharmacology at the Pitié-Salpétriére hospital in Paris, France.

Prizes and awards

Awarded £470.17 from the School of Medicine Doctoral Programmes

Committee Support Fund - used towards travel for SRNT 2017.
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Appendix D
Trial Sequential Analysis software

|£| TSA - Trial Sequential Analysis Viewer - version 0.9.5.5 Beta — O *
File Batch Review Manager

Meta-analysis Trials TSA Graphs Diversity

Example TSA
Intervention vs. Control

Set Effect Measure and Model

Effect Measure

Model Fixed Effect Model

Set Zero Event Handling

Rethed Eonstont iy Pooled effect: 2.05
Value 10 - Conventional 95% CI 1.64to 2.58
Incude trials with no events [] P-value: <0.0001
Heterogeneity (Q): 29.0
Set Confidence Intervals
Heterogeneity (Q) P-value: 0.0
(®) Conventional (coverage) 95% Inconsistency (13): a0%
() a-spending adjusted CI Select Diversity (D3):

90%

wn

Dedmals |2

Figure S7 Meta-analysis summary page. Here you can change the effect
measure (relative risk or odds ratio), and the model (random effects or fixed
effects model).
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| £| TSA - Trial Sequential Analysis Viewer - version 0.9.5.5 Beta — [m| *
File Batch Review Manager

Meta-analysis Trials TSA Graphs Diversity

Add Dichotomous Trial Study Bias Risk Ignore Data
Study : || (2001)A Low [1 [Intervention: 42.0/403.0 - Control: 21.0/207.0
{2009)8 High ] Intervention: 36.0/82.0 - Control: 15.0/89.0
Year : (2017)C Low ] Intervention: 45.0/250.0 - Control: 38.0/251.0
Event Total (202000 Low ] Intervention: 90.0/220.0 - Control: 15.0/200.0
Intervention
Control

Low BiasRisk [ ]

Comment

Add Trial

Edit / Delete Trial
Edit Selected

Delete Selected

lgnore Trials
Low Bias Risk trials
High Bias Risk trials

Al Mone

Figure S8 Included trials. Here you include all trials to be included in the
TSA, and their results.

[&] TsA - Trial Sequential Analysis Viewer - version 0.9.5 — m]
File Batch Review Manager
i 9 ! Edit Dichotomous Alpha-spending Boundary X =
Meta-analysis Trials T5A Graphs Diversity
Boundary Identifier
Add Identifier | Name:  [Information size| Interim analyses:
Conventional Test Boundary (2001)a
Hypothesis Testing 2009)B
e e e Boundary Type: () One-sided Upper () One-sided Lower (8 Two-sided (3;;;;
]
Law of the Iterated Logarithm Type 1 Error: 20,0 %
Edit a-spending Function: | O'Brien-Fleming
Edit selected Information Axis: (®) Sample Size () Event Size () statistical Information
Delete selected Inner Wedge
Apply Inner Wedge:
Calculations
Power: 5.0 %
Perform calculations
B-spending Function: O'rien Fleming
Information axis
(®) Sample size Required Information Size
Eoume Information Size: 1128 (O User Defined (@) Estimate
Statistical information
Type 1Error: 90.0 %
Paower: 50 %
Relative Risk Reduction: 95,75 % (0 UserDefined (@) Low Bias Based
Incidence in Intervention arm: | 21,53 % (O User Defined
Incidence in Control arm: 110 %
Heterogeneity Correction: 59.9 % () UserDefined  (®) Model Variance Based
Templates
Save as template Apply Changes Cancel Select all Select none
Manage templates Inverse selection

Figure S9 Setting the parameters to calculate the information size and
monitoring boundaries. Here you input a priori assumptions for the TSA.
Once all relevant information is input the TSA will calculate the information
size and monitoring boundaries, and create the TSA graph.
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