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Abstract
Background: Systematic reviews of behaviour change interventions for smoking cessation vary in scope, quality,
and applicability. The current review aims to generate more accurate and useful findings by (1) a detailed analysis
of intervention elements that change behaviour (i.e. behaviour change techniques (BCTs)) and potential moderators
of behaviour change (i.e. other intervention and sample characteristics) and (2) assessing and controlling for variability
in support provided to comparison groups in smoking cessation trials.
Methods: A systematic review will be conducted of randomized controlled trials of behaviour change interventions for
smoking cessation in adults (with or without pharmacological support), with a minimum follow-up of 6 months,
published after 1995. Eligible articles will be identified through the Cochrane Tobacco Addiction Group Specialized
Register. Study authors will be asked for detailed descriptions of smoking cessation support provided to intervention
and comparison groups. All data will be independently coded by two researchers. The BCT taxonomy v1 (tailored to
smoking cessation interventions) and template for intervention description and replication criteria will be used to code
intervention characteristics. Data collection will further include sample and trial characteristics and outcome data
(smoking cessation rates). Multilevel mixed-effects meta-regression models will be used to examine which BCTs and/or
BCT clusters delivered to intervention and comparison groups explain smoking cessation rates in treatment arms (and
effect sizes) and what key moderators of behaviour change are. Predicted effect sizes of each intervention will be
computed assuming all interventions are compared against comparison groups receiving the same levels of
behavioural support (i.e. low, medium, and high levels). Multi-disciplinary advisory board members (policymakers,
health care providers, and (ex-)smokers) will provide strategic input throughout the project to ensure the review’s
applicability to policy and practice.
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Discussion: By capturing BCTs in intervention and comparison groups, this systematic review will provide more
accurate estimates of the effectiveness of smoking cessation interventions, the most promising BCTs and/or BCT
clusters associated with smoking cessation rates in intervention and comparison arms, and important moderators
of behaviour change. The results could set new standards for conducting meta-analyses of behaviour change
interventions and improve research, service delivery, and training in the area of smoking cessation.
Systematic review registration: PROSPERO CRD42015025251
Keywords: Smoking cessation, Systematic review, Meta-analysis, Meta-regression, Behaviour change technique,
Intervention, Comparison group, Control group, Randomized controlled trial, Tobacco

Background
Smoking is an important cause of preventable disease
and disability, which leads to a reduced quality of life
and life expectancy, an increase in health care burden,
and loss of productivity for society [1, 2]. Numerous behaviour change interventions for smoking cessation have
been developed and evaluated in randomized controlled
trials (RCTs). These trials have been synthesized in multiple systematic reviews including meta-analyses, which enable researchers, practitioners, and policymakers to draw
conclusions based on the totality of available evidence [3].
The strength of these meta-analyses lies in their ability to
identify the most effective interventions and to identify
intervention characteristics associated with greater intervention effectiveness across settings and populations.
Recently, there have been two important methodological
developments in the field of systematic reviewing and
meta-analysis of behaviour change interventions that are
important to these outcomes but have not yet been applied
to smoking cessation trials. First, a more advanced system
for reliably specifying the content of behaviour change interventions has been developed, resulting in more sophisticated and informative meta-analyses of the active content
of behaviour change interventions [4–7]. The second
innovation builds on the first, but represents a step-change
in how we interpret and compare results from behaviour
change interventions in research syntheses. Comparison
groups, like intervention groups, often receive behavioural
support that varies considerably in content and effectiveness between trials. Taking that into account in metaanalyses can significantly alter conclusions about the ‘true’
effect sizes of interventions [5, 8, 9]. To present unbiased
and accurate recommendations about what interventions
work and under what conditions, it is vital to take variability in comparison group contact into account [5, 8–11].
Evidence is accumulating that these innovations can
substantially advance the quality and usefulness of metaanalyses by more accurately estimating true intervention
effects and the most effective elements of intervention
and comparison group treatment [5, 11–14]. The aim of
the current study is to adapt these innovative methods
and apply them in a comprehensive, state-of-the-art

systematic review and meta-analysis of smoking cessation interventions. This work could be a major step forward in increasing the effectiveness of smoking cessation
RCTs and their applicability to practice.
Coding active content of interventions: behaviour change
techniques

Previous reviews have typically focussed on segments of
the smoking cessation literature, based on, for example,
‘by whom’ interventions were delivered (e.g. a physician,
pharmacist, nurse) [15–17], ‘how’ they were delivered
(e.g. face-to-face counselling, internet, telephone support)
[18–20], or ‘where’ they were delivered (e.g. workplace,
health, or community settings) [21, 22]. This approach is
limited in that it is unable to identify if these intervention
characteristics are important moderators of intervention effectiveness. Moreover, within these reviews, interventions
are often grouped based on fairly broad and heterogeneous
characteristics that do not describe intervention content in
sufficient depth. For example, stop smoking advice from
physicians is often termed ‘brief advice’ but may include
presenting a leaflet, individual counselling of varying durations, referral to smoking cessation programmes, or biofeedback using a carbon monoxide monitor [15]. Given
these differences in content and scope, it is unsurprising
that systematic reviews have observed significant variability
in effectiveness of ‘brief advice’ intervention (smoking cessation rates of 0–20 % [15]). Currently, systematic reviews
only rarely focus on the active content of behaviour change,
called behaviour change techniques (BCTs), as a possible
explanation for this variability [4, 6, 7, 23].
BCTs constitute the smallest active ingredients of interventions capable of inducing change in behaviour in appropriate circumstances [7]. For example, offering money
or vouchers for each month without smoking would be
coded as ‘material incentive’, and setting a quit date as
‘goal setting’. Achieving reliable coding of active content
of behaviour change interventions is complex; smoking
cessation interventions may employ up to 56 BCTs [24].
An extensive research programme has developed taxonomies of BCTs (with precise labels and definitions) which
achieve good reliability in coding BCTs from behaviour
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change intervention descriptions [25]. This work has
advanced research syntheses in fields such as medication
adherence and weight loss interventions, by describing
interventions in a replicable format and using metaregression to explore why interventions work (e.g. [5, 12–
14, 26]). This work includes a taxonomy for smoking cessation interventions and studies examining how these can
be reliably applied [6, 25, 27–30]. We now propose to
conduct detailed content-coding of behaviour change interventions for smoking cessation using the behaviour
change technique taxonomy version 1 (BCTTv1) [7] and
incorporate this in state-of-the-art meta-analyses in order
to identify what works best for whom under which circumstances. In addition to coding intervention content
(i.e. BCTs), we will use the template for intervention description and replication (TIDieR) to code other key intervention characteristics that may serve as moderators of
BCT effectiveness, such as the setting, route of delivery,
and discipline and training of the person delivering the
intervention [31].
Coding active content of comparison groups

The second innovation applied in this project is to apply
the same rationale to comparison groups as to intervention groups in trials of smoking cessation interventions
(i.e. to code BCTs and moderators of BCT effectiveness).
Comparison groups often also receive behavioural support
that may vary considerably in content and effectiveness.
Meta-analyses that do not account for this variability may
produce inaccurate estimates of intervention effects and
their active content [9]. We recently examined the content, variability, and effectiveness of BCTs provided to
comparison groups in behaviour change interventions for
the first time. Focusing on RCTs of counselling programmes to promote medication adherence, a reliable
index was developed for quantifying the active content
(weighting the number and type of BCTs delivered) of
what authors described as ‘usual/standard care’ provided
to comparison groups [5, 8]. This active content score varied considerably between ‘treatment-as-usual comparison
groups’, was the main predictor of treatment success rates
in comparison groups [8], and in turn had an impact on
the effect sizes of interventions tested (i.e. effect sizes were
smaller in ‘treatment-as-usual settings’ where many BCTs,
often similar to those employed in interventions, were
already being delivered). This new method of assessing
the active content of comparison group support has made
it possible to obtain more valid estimates of the effectiveness of the interventions tested (i.e. by adjusting intervention effect estimates for the variability in support provided
to comparison groups), and the intervention ingredients
responsible for these effects [5, 8].
These procedures have not yet been applied in the field
of smoking cessation, yet there are strong indications that
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comparison group variability is also relevant for evidence
syntheses of smoking cessation trials. First, current reviews report substantial variability in the content and
scope of support provided to comparison groups (e.g. no
intervention, treatment-as-usual, self-help materials, information only). Cochrane reviews investigating comparison
group characteristics define broad subgroups based on
intensity (e.g. number of sessions) or type (e.g. treatmentas-usual versus self-help materials) rather than by their
active content (i.e. BCTs). Second, primary care smoking
cessation support outside the context of research trials
shows substantial variability in treatment-as-usual between
practices/practitioners (e.g. [32, 33]). Third, smoking cessation rates in comparison groups vary considerably within
and between comparison group types; in fact, comparison
group cessation rates are often comparable to those observed in the intervention groups (e.g. 0–30 % for intervention versus 0–28 % for comparison groups) [18]. These
data strongly suggest that when interpreting and comparing effects of smoking cessation interventions, the active
content of support delivered to the comparison groups
should be taken into account; this might explain the observed variability of success rates in comparison groups
and, consequently, in intervention effect sizes [5, 7–10].
Objectives

We propose to build on the most recent Cochrane reviews
of behaviour change interventions for smoking cessation
and introduce these methodological innovations in a comprehensive, rigorous systematic review.
The objectives are:
1. To examine whether variability in effectiveness of
smoking cessation interventions evaluated in RCTs
can be better explained through improved
characterization of the active content of:
a) The behaviour change interventions
b) The behavioural support provided to comparison
groups in these trials
2. To make recommendations to practitioners and
policymakers about the most effective ingredients of
behaviour change interventions for smoking
cessation, their impact, and the conditions under
which they are most likely to be effective
Research questions are:
1. Which BCTs and/or BCT clusters provided to
intervention and comparison groups explain
heterogeneity in smoking cessation rates in
intervention and comparison groups in RCTs on
smoking cessation interventions and in effect sizes?
2. What are the key moderators of effectiveness of
BCTs in smoking cessation interventions?
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3. To what extent are intervention effect sizes
influenced by differences in the behavioural support
provided to comparison groups in trials?

Methods
Reporting standards

The review is registered with PROSPERO (international
prospective register of systematic reviews) at the National
Institute for Health Research and Centre for Reviews and
Dissemination (CRD) at the University of York (registration
number CRD42015025251) and will be reported in accordance with the PRISMA statement ([34], Additional file 1).
Overview of literature search

The Cochrane Tobacco Addiction Review Group Specialized Register (CTAGSR) (via the Cochrane Register of
Studies Online (CRSO) will be searched for studies published from 1996 onwards (see http://onlinelibrary.wiley.
com/o/cochrane/clabout/articles/TOBACCO/frame.html).
This register is developed through continued and regular
electronic searching of MEDLINE, EMBASE, and PsycINFO, together with hand searching of specialist journals,
conference proceedings, and reference lists of previous
trials and overviews. The CTAGSR is indexed on whether
or not studies are included in existing Cochrane reviews.
The current reviews’ inclusion criteria for study design,
population, and outcome are based on those used by the
Cochrane tobacco addiction group.
Search and screening process

Inclusion criteria
 RCTs with a minimum follow-up period of

6 months
 Interventions directed at adult smokers
 Trials describing (1) behaviour change interventions

with or without pharmacotherapy compared to (a)
different behaviour change interventions with or
without pharmacotherapy, (b) treatment-as-usual with
or without pharmacotherapy, (c) pharmacotherapy
alone, or (d) no treatment.
 Smoking cessation rates (primary outcome) reported
at least 6 months after the start of the intervention
 Trials published in peer-reviewed journals from
1996 onward
 Trials published in English
Trials describing behaviour change interventions, which
we have defined as ‘(a set of) materials and/or activities
designed to change behaviour through social and psychological processes’ [35, 36], will be included in our review.
Only trials published in the last 20 years will be considered for inclusion for two reasons. First, more recent trials
will be more relevant to current practice. Second, it was
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judged to be unlikely we could retrieve accurate information about intervention and comparison groups for trials
published longer ago. Only trials published in English will
be included, because no resources are available for the
translation of intervention and comparison group protocols/materials, or the trial paper.
Searching and screening of the CTAGSR will be enhanced through use of existing Cochrane reviews using
the following procedures. First, all potentially relevant
references included in CTAGSR published from 1996
onward will be obtained (date initial search: 1-11-2015;
5989 references). Next, the study exclusion lists of published Cochrane systematic reviews will be used to remove
studies based on shared inclusion/exclusion criteria (e.g.
follow-up shorter than 6 months, not an RCT). Third, all
remaining studies (titles and abstracts) will be screened independently by two reviewers (exclude at title/abstract
stage or proceed to full-text screening). Fourth, the fulltext published articles of references selected at title/abstract stage will be assessed. Throughout this process data
will be managed using Covidence, Endnote, and MS Excel.
Since there is a substantial number of papers currently
included in the full-text screening phase (about 1500),
these papers will be divided into two sets: one set that is
double-screened and a set that is screened by one person. To minimize the risk of eligible trials being excluded, and ineligible trials being included, the following
strategy will be used:
1. Paper titles will be organized using the standard
options in Covidence, the Cochrane systematic
review tool, and the first 200 papers will be selected
to be double-screened (eligible or not eligible) by the
three screeners working on this study (each screening
approximately 140 papers). Disagreements will be
discussed, and if not resolved, the third screener will
be consulted. The process includes reflection on biases
in the selection of papers leading to disagreements, in
particular regarding the exclusion of eligible trials.
Agreement will be considered satisfactory if
prevalence-adjusted bias-adjusted kappa (PABAK) is
>.80 (indicating excellent inter-rater reliability [37]). If
inter-screener agreement is unsatisfactory, the same
procedure will be repeated until satisfactory agreement
is achieved. If/when agreement is satisfactory, three
screeners will start to single-screen one third of all the
references. The screeners were instructed that in case
of uncertainty, they should include the paper with a
comment stating ‘Note sure’ to minimize the risk of
excluding eligible trials.
2. After the screeners have examined 50 % of their
papers, each will examine 30 randomly selected
papers (already screened) from one of the other
screeners, allowing for a repeated comparison of
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consensus on another 90 papers. The same
procedure will be applied for checking reliability as
in step 1.
3. All the papers included by one screener (i.e. eligible)
will be assigned to at least one other screener in the
data extraction phase, who will then confirm if study
inclusion was justified. Thus, all included papers will
have been included by two screeners, minimizing
the risk of including ineligible trials.
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from 67 % of the studies conducted in a clinical setting
and yielded data that was internally consistent (Cronbach
alpha >.90) with substantial predictive validity (i.e. variability in the scores on this checklist predicted substantial
variability in objective comparison group outcomes and
intervention effects) [5, 8]. Authors will also be asked
whether only the comparison group or also the intervention group was exposed to TAU.
Data extraction

Data collection
Acquiring information about intervention and comparison
groups in included studies

The content of interventions, and especially of comparison group support, is usually described in insufficient detail in published articles to allow coding of BCTs. Article
authors will therefore be contacted and asked to provide
additional materials that describe the intervention in more
detail. This can be the full intervention manuals, materials
(e.g. website content, folders), or materials to train professionals in the delivery of the intervention. We will first
contact authors by email (including reminders) and follow
up by telephone and/or fax if an author does not respond.
If the first author cannot be contacted, the second and last
authors will be approached.
Authors will also be asked for details regarding comparison group support, which may consist of (1) smoking cessation support introduced by researchers (e.g. self-help
materials)—for these, we will request all relevant manuals/
materials, similar to the interventions—and (2) treatmentas-usual (TAU) smoking cessation support delivered to participants by their health care providers during the study. As
TAU delivered in trials is typically not formally documented, a TAU checklist will be developed and sent to authors to fill out. This checklist contains a comprehensive
list of TAU activities to support smoking cessation identified through (1) BCT coding four international stop smoking treatment manuals [38–41]; (2) input from an advisory
board of (ex-)smokers, smoking cessation professionals,
and policymakers; (3) expertise in the team on smoking
cessation services, developed through previous studies (including recording and BCT coding English smoking cessation service sessions [42]), and attending smoking cessation
sessions; and (4) smoking cessation example activities described in previous (smoking cessation) BCT taxonomies
[6, 7, 42]. Only activities identified as the application of a
BCT will be included as an item in the checklist.
Study authors will be asked to indicate which activities
in the checklist were part of TAU. Activities that are considered to be part of TAU are those that have been ‘routinely delivered to the majority of comparison group
participants during the trial’. This approach to retrospectively obtaining TAU information on comparison groups
proved feasible in previous reviews: data was obtained

The following information will be coded independently
by two reviewers:
1. Sample characteristics and inclusion/exclusion
criteria.
2. Trial characteristics such as risk of bias (using the
Cochrane risk of bias tool [3], complemented with
elements described in the RATIONALE table [43])
and other potential effect modifiers.
3. Smoking cessation rates (objective and subjective
measures) at each time point reported. Secondary
outcomes are mortality and morbidity. Both
available case and intention-to-treat data will be
collected.
4. The active content (BCTs delivered to promote
smoking cessation) of the behavioural support
delivered to both intervention and comparison
groups will be coded from the treatment manuals/
materials and the TAU checklist, using the BCTTv1
([7]), which will be adapted to the smoking cessation
context, by adding smoking cessation examples of
BCTs (focused on quitting smoking, abstaining from
smoking, and medication adherence), introducing
new BCTs if identified in the coding process, and
removing BCTs irrelevant to smoking cessation
interventions. It will also be coded if
pharmacotherapy is used and what type of smoking
cessation medication is used.
5. Intervention and comparison group characteristics that
serve as potential moderators of BCT effectiveness,
such as the professional delivering the intervention,
setting, or the medium; duration of the intervention;
and tailoring and repetition of BCTs [5, 8, 31, 36].
6. Fidelity measures for intervention implementation.
Differences in data extraction for these variables will be
discussed by both coders until consensus is reached. If consensus cannot be reached, the opinion of a third coder and,
if necessary, other members of the research team will be
consulted to determine the final decision. For each BCT
and coded moderator of smoking cessation support, interrater reliability will be examined using adjusted Kappa statistics [37, 44]. Items with suboptimal reliability (i.e. <.7)
will be discussed with a third coder and, if necessary, the

de Bruin et al. Systematic Reviews (2016) 5:77

wider research team. Discrepancies that are not resolved
with high confidence (no agreement after discussion) and
items with low endorsement frequencies (present in <5 %
of the trials) will be noted but not used in further analyses.
Similar procedures will be used for the other elements,
such as risk of bias and fidelity measures.
Statistical analyses

Only eligible studies (i.e. that fit the inclusion criteria)
for which we are able to extract the primary outcome of
interest (i.e. cessation rate) for at least one study arm
and one time point and for which we are able to code
the intervention content will be included in the main
analyses.
Step 1: identifying the active components of smoking
cessation support provided to intervention and comparison
groups and their impact on effect sizes

BCTs may be examined individually, but as far as possible they will be analysed as clusters based on (i) behavioural theory (e.g. [10]), (ii) cluster analyses (e.g. [45]),
and (iii) a sum score of all BCTs delivered, including a
weighting for delivery factors associated with outcomes
in step 2 (e.g. level of tailoring and repetition of BCTs,
e.g. 3). We will first examine which (clusters of ) BCTs
delivered to intervention groups, and which (clusters of )
BCTs provided to comparison groups explain heterogeneity in smoking cessation rates in the respective arms.
For this, the cessation rates of both arms will be used as
the outcomes of interest and analysed by using an armbased multilevel mixed-effects meta-regression model that
allows the true rates of the intervention and comparison
group from the same study to be correlated [46, 47]. The
effects of (clusters of) BCTs on smoking cessation rates
will be allowed to differ between intervention and comparison groups by including a dummy variable indicating
the group and its interaction with the BCT cluster/moderator score in the model. Hence, this model not only provides the information that a conventional mixed-effects
meta-regression analysis based on success rate differences
(i.e. the effect sizes) would offer but also (a) allows the inclusion of one-arm studies (e.g. when BCT clusters can
only be coded for the intervention or control arm of a
study) [47–49], (b) indicates which (clusters of) control
and intervention BCTs are related to cessation rates on an
absolute scale, and (c) can thus reveal which effective
(clusters of) intervention BCTs account for an increase in
effect sizes and what effective (clusters of) comparison
group BCTs account for a decrease in the effect sizes.
Time points used will be (at least) immediate postintervention (to identify BCT clusters related to initial
smoking cessation) and at the last follow-up (to identify
BCT clusters related to cessation maintenance), while
controlling for differences in follow-up duration between
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studies. We will also explore the use of appropriate multivariate models to meta-analyse the entirety of the available
evidence at once (i.e. multiple time points) [50, 51].
Additionally, using an extension of the Egger regression test to an arm-based model, the presence of smallstudy effects (which may be indicative of potential publication bias) will be examined by including the inverse
square root sample size and its interaction with the intervention/comparison group dummy variable as predictors
in the meta-regression model [52]. A significant interaction would indicate that the size of the differences in
cessation rates between the intervention and comparison
groups is related to the standard errors by which the rate
differences are measured (and hence the statistical significance of the cessation rate differences within studies).
Step 2: identifying moderators of BCT effectiveness

Key moderators of effective (clusters of) BCTs are intervention attributes described in TIDieR, mainly setting,
provider, and route of delivery, and sample characteristics
such as socio-economic status or intention to quit smoking at baseline. All analyses will be controlled for potential
covariates such as study design (e.g. risk of bias), sample
characteristics (e.g. age, gender, health status of participants), pharmacotherapy, and BCT co-occurrence and
take into account issues with multiple-testing [10].
Step 3: estimating intervention effect sizes adjusted for
comparison group variability

If the smoking cessation support provided to comparison groups varies between trials and impacts effect sizes,
we will compute an active content index (weighing (sets
of ) effective comparison group BCTs) and use the model
to compute the predicted effect size of each intervention
assuming it had been compared against similar comparison groups (i.e. under low, medium, or high amounts of
behavioural support) [3]. This model should provide a
more even-handed comparison of the effectiveness of
the various interventions than the currently published
evidence.
Advisory board

Multi-disciplinary advisory board members (policymakers,
health care providers, and (ex-) smokers) will provide essential strategic input throughout the project to ensure the
review’s usefulness for policymakers, practitioners, and the
public (smokers). The advisory board will meet with members of the research team three times during the project to
provide strategic input at specific stages of the project: during (1) initial research design, (2) data analysis and interpretation of results, and (3) research dissemination
planning. The first advisory board meetings have already
been held. Important contributions of advisory board members have been an improvement of the selection of control
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variables and potential moderators of BCT effectiveness
and advising on the selection and phrasing of items for the
TAU activity list.
Data sharing

Data used in scientific manuscripts will be shared online
upon manuscript acceptance. Unused data will be published online no later than 12 months after project completion (to permit the applicants to generate additional
scientific output).
Dissemination of findings

The results of this project will be published in international
peer-reviewed journals and presented at (inter)national scientific conferences. A study website will be developed to
disseminate the results to researchers, policymakers, practitioners, and the general public. Our advisory board will
provide recommendations and feedback regarding website
design and content, which will be tailored for specific audiences. The policymakers’ section will contain a summary of
the main outcomes (including an evidence strength grading table) and study implications for policy and practice.
The researcher section will contain all data, measures,
computer programme syntaxes for statistical analyses, outputs, and published manuscripts. In case of evidence of
sufficient strength, the practitioners’ section will contain a
self-assessment tool for the active content of the smoking
cessation support currently provided and will provide feedback in the form of recommendations for increasing the effectiveness of their practice. Video examples of how to
deliver effective (clusters of) BCTs will support implementation of these recommendations. The general public section will provide a summary of the project outcomes and
key recommendations, such as effective self-help strategies,
and referral to local smoking cessation services. Lastly, the
data and results (which will be assessed using GRADE criteria [3]) will be sent to the appropriate bodies within and
outside of the UK for consideration in their guidelines for
smoking cessation support (e.g. National Institute for
Health and Care Excellence, UK; the UK National Health
Service Stop Smoking Services: Monitoring and Guidance;
Tobacco Use and Dependence Guideline Panel from the
US Department of Health and Human Services).

Discussion
By capturing BCTs in both intervention and comparison
groups, this systematic review advances current methods
and evidence and should provide more accurate estimates
of the true effectiveness of smoking cessation interventions
taking into account the diversity of comparison groups in
reported trials. It will identify the most promising (clusters
of) BCTs associated with smoking cessation rates and pinpoint important moderators of intervention effectiveness.
The results will yield valuable data for policymakers and
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smoking cessation service providers, offering guidance
about effective support and about training needed for delivery of effective services. The methods developed in this
project could also set new standards for conducting systematic reviews and meta-analyses of behaviour change interventions and, more widely, in reviews of health care
interventions.
A number of challenges may arise while conducting this
systematic review, some of which warrant brief mention
here. In order to perform the review, we need additional information about intervention and comparison group support from a substantial number of authors of smoking
cessation RCTs. While some previous studies have yielded
a good author response rate [8, 53], it remains to be established whether such response rates can be achieved in this
context. Although there are many eligible trials, substantial
difficulties in receiving additional materials from trial authors may limit the power of the proposed analyses. In this
case, less elaborate analyses (i.e. fewer BCT predictors and
moderators), which require smaller sample sizes, will be
conducted. Similarly, comparison group data collected from
authors using the TAU checklist may be less accurate for
older than for recent studies. This issue can be explored by
examining whether the internal consistency of the TAU
checklist depends on publication year and by examining
the frequency of the number of ‘don’t know’ responses to
checklist items across publication years. If a potential issue
with reporting accuracy is identified, we will include an ‘accuracy’ variable in the main analyses (e.g. the number of
‘don’t know’ responses in the TAU checklist) to see if this
affects the results. Another challenge may be that a larger
number of eligible trials is available than can be coded
using available resources (e.g. >200–250 trials). In this case
we will include those trials with a combination of high
methodological quality (e.g. trials with objectively verified
smoking cessation rates) and good information about intervention and comparison groups and primary outcomes.

Conclusion
In summary, this systematic review has the potential to
identify what behavioural components of smoking cessation interventions work best for whom under which circumstances. The findings can inform future public health
practice and policy aimed at smoking cessation. Additionally, the innovations applied in this study could set new
standards for meta-analyses, both in the field of smoking
cessation and in systematic reviews of health care interventions more generally.
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Consent for publication

Not applicable.

de Bruin et al. Systematic Reviews (2016) 5:77

Page 8 of 9

Additional file
Additional file 1: Prisma checklist. (DOCX 41 kb)
Abbreviations
BCT: behaviour change technique; BCTTv1: behaviour change technique
taxonomy version 1; CRSO: Cochrane Register of Studies Online;
CTAGSR: Cochrane Tobacco Addiction Review Group Specialized Register;
IC-SMOKE: identifying effective behavioural components of Intervention and
Comparison group support provided in SMOKing cEssation interventions;
RCT: randomized controlled trial; TAU: treatment-as-usual.
Competing interests
RW undertakes research and consultancy for companies that develop and
manufacture smoking cessation medications (Pfizer, J&J, and GSK). He is a
trustee of the charity QUIT and unpaid advisor to the UK’s National Centre for
Smoking Cessation and Training. His salary is funded by Cancer Research UK.
Authors’ contributions
MdB, WV, RW, and MJ conceived the idea for this study. MdB, MJ, WV, SM,
RW, JH-B, and EB wrote the grant application. MdB, MJ, WV, SM, RW, JH-B, EB,
and MCE contributed to further detailing the study methods for the protocol
and drafting/critically revising this manuscript. All authors read and approved
the final manuscript.

8.

9.

10.

11.

12.

13.

14.

Acknowledgements
We would also like to thank our advisory board members who have already
given valuable input in the study design.
15.
Funding
The research described in this paper is funded by Cancer Research UK,
registered under application number C50862/A18446. The systematic review
protocol reported in this paper was previously peer-reviewed by Cancer Research UK as part of the funding process. The funders had no role in protocol design, decision to publish, or preparation of the manuscript.
Author details
1
Aberdeen Health Psychology Group, Institute of Applied Health Sciences,
University of Aberdeen, Aberdeen, Scotland. 2Department of Psychiatry and
Neuropsychology, School for Mental Health and Neuroscience, Maastricht
University, Maastricht, Netherlands. 3Nuffield Department of Primary Care
Health Sciences, University of Oxford, Oxford, England. 4Health Behaviour
Research Centre, Department of Epidemiology and Public Health, University
College London, London, England. 5NHS Grampian Public Health Directorate,
Aberdeen, Scotland. 6Research Department of Clinical, Educational and
Health Psychology, University College London, London, England.

16.

17.

18.
19.

20.

21.

Received: 19 February 2016 Accepted: 25 April 2016

22.

References
1. Peto R, Lopez AD, Boreham J, Thun M, Heath Jr C, Doll R. Mortality from
smoking worldwide. Br Med Bull. 1996. doi:10.1093/oxfordjournals.bmb.a011519.
2. Adhikari B, Kahende J, Malacher A, Pechacek T, Tong V. Smoking-attributable
mortality, years of potential life lost and productivity losses. Oncology Times.
2009. doi:10.1097/01.COT.0000345498.34913.fd.
3. Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions
version 5.1.0 [updated March 2011]. The Cochrane Collaboration. 2011. http://
handbook.cochrane.org/. Accessed 18 Nov 2015.
4. Abraham C, Michie S. A taxonomy of behavior change techniques used in
interventions. Health Psychol. 2008. doi:10.1037/0278-6133.27.3.379.
5. de Bruin M, Viechtbauer W, Schaalma H, Kok G, Abraham C, Hospers H.
Standard care impact on effects of highly active antiretroviral therapy
adherence interventions: a meta-analysis of randomized controlled trials.
Arch Intern Med. 2010. doi:10.1001/archinternmed.2009.536.
6. Michie S, Hyder N, Walia A, West R. Development of a taxonomy of
behaviour change techniques used in individual behavioural support for
smoking cessation. Addict Behav. 2011. doi:10.1016/j.addbeh.2010.11.016.
7. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
Eccles MP, Cane J, Wood CE. The behavior change technique taxonomy (v1)

23.

24.

25.

26.

27.

of 93 hierarchically-clustered techniques: building an international
consensus for the reporting of behavior change interventions. Ann Behav
Med. 2013. doi:10.1007/s12160-013-9486-6.
de Bruin M, Viechtbauer W, Hospers HJ, Schaalma HP, Kok G. Standard care
quality determines treatment outcomes in comparator groups of HAARTadherence intervention studies: implications for the interpretation and
comparison of intervention effects. Health Psychol. 2009. doi:10.1037/a0015989.
Wagner GJ, Kanouse DE. Assessing usual care in clinical trials of adherence
interventions for highly active antiretroviral therapy. J Acq Immun Def Synd.
2003. doi:10.1097/00126334-200306010-00026.
Peters GJ, de Bruin M, Crutzen R. Everything should be as simple as possible,
but no simpler: towards a protocol for accumulating evidence regarding the
active content of health behaviour change interventions. Health Psychol Rev.
2015. doi:10.1080/17437199.2013.848409.
Michie S, Prestwich A, de Bruin M. Importance of the nature of comparison
conditions for testing theory-based interventions: reply. Health Psychol.
2010. doi:10.1037/a0020844.
Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques
in healthy eating and physical activity interventions: a meta-regression. Health
Psychol. 2009. doi:10.1037/a0016136.
Michie S, Whittington C, Hamoudi Z, Zarnani F, Tober G, West R. Identification
of behaviour change techniques to reduce excessive alcohol consumption.
Addiction. 2012. doi:10.1111/j.1360-0443.2012.03845.x.
Hartmann-Boyce J, Johns D, Aveyard P, Onakpoya I, Jebb SA, Phillips D, et
al. How components of behavioural weight management programmes
affect weight change [WMA Evidence Review 1b]. National Institute for
Health and Care Excellence—overweight and obese adults—lifestyle weight
management. 2013. https://www.nice.org.uk/guidance/ph53/evidence/
evidence-review-1b-431707934. Accessed Nov 2015.
Stead LF, Buitrago D, Preciado N, Sanchez G, Hartmann-Boyce J, Lancaster T.
Physician advice for smoking cessation. Cochrane Database Syst Rev. 2013.
doi:10.1002/14651858.CD000165.pub4.
Sinclair HK, Bond CM, Stead LF. Community pharmacy personnel interventions
for smoking cessation. Cochrane Database Syst Rev. 2004. doi:10.1002/
14651858.CD003698.pub2.
Rice VH, Hartmann-Boyce J, Stead LF. Nursing interventions for smoking
cessation. Cochrane Database Syst Rev. 2013. doi:10.1002/14651858.
CD001188.pub4.
Lancaster T, Stead LF. Individual behavioural counselling for smoking cessation.
Cochrane Database Syst Rev. 2005. doi:10.1002/14651858.CD001292.pub2.
Civljak M, Stead LF, Hartmann-Boyce J, Sheikh A, Car J. Internet-based
interventions for smoking cessation. Cochrane Database Syst Rev. 2013. doi:
10.1002/14651858.CD007078.pub4.
Stead LF, Hartmann-Boyce J, Perera R, Lancaster T. Telephone counselling
for smoking cessation. Cochrane Database Syst Rev. 2013. doi:10.1002/
14651858.CD002850.pub3.
Cahill K, Lancaster T. Workplace interventions for smoking cessation.
Cochrane Database Syst Rev. 2014. doi:10.1002/14651858.CD003440.pub4.
Secker-Walker R, Gnich W, Platt S, Lancaster T. Community interventions for
reducing smoking among adults. Cochrane Database Syst Rev. 2002.
doi:10.1002/14651858.CD001745.
Kok G, Gottlieb NH, Peters G-JY, Mullen PD, Parcel GS, Ruiter RAC,
Fernandez ME, Markham C, Bartholowmew LK.
A taxonomy of behaviour change methods: an intervention mapping
approach. Health Psychol Review. 2015. doi:10.1080/17437199.2015.
1077155.
Lorencatto F, West R, Stavri Z, Michie S. How well is intervention content
described in published reports of smoking cessation interventions? Nicotine
Tob Res. 2013. doi:10.1093/ntr/nts266.
Michie S, Wood CE, Johnston M, Abraham C, Francis JJ, Hardeman W. Behaviour
change techniques: the development and evaluation of a taxonomic method of
reporting and describing behaviour change interventions (a suite of five studies
involving consensus methods, randomized controlled trials and analysis of
qualitative data). Health Technol Assess. 2015. doi:10.3310/hta19990.
Gardner B, Whittington C, McAteer J, Eccles MP, Michie S. Using theory
to synthesise evidence from behaviour change interventions: the
example of audit and feedback. Soc Sci Med. 2010. doi:10.1016/j.
socscimed.2010.01.039.
West R, Walia A, Hyder N, Shahab L, Michie S. Behavior change techniques
used by the English Stop Smoking Services and their associations with
short-term quit outcomes. Nicotine Tob Res. 2010. doi:10.1093/ntr/ntq074.

de Bruin et al. Systematic Reviews (2016) 5:77

28. Lorencatto F, West R, Seymour N, Michie S. Developing a method for
specifying the components of behavior change interventions in practice:
the example of smoking cessation. J Consult Clin Psych. 2013.
doi:10.1037/a0032106.
29. Lorencatto F, West R, Christopherson C, Michie S. Assessing fidelity of
delivery of smoking cessation behavioural support in practice. Implement
Sci. 2013. doi:10.1186/1748-5908-8-40.
30. Lorencatto F, West R, Michie S. Specifying evidence-based behavior change
techniques to aid smoking cessation in pregnancy. Nicotine Tob Res. 2012.
doi:10.1093/ntr/ntr324.
31. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, Barbour V,
Macdonald H, Johnston M, Lamb SE, Dixon-Woods M, McCullough P, Wyatt
JC, Chan A-W, Michie M. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ.
2014. doi:10.1136/bmj.g1687.
32. Schnoll RA, Rukstalis M, Wileyto P, Shields AE. Smoking cessation treatment
by primary care physicians: an update and call for training. Am J Prev Med.
2006. doi:10.1016/j.amepre.2006.05.001.
33. Coleman T. Do financial incentives for delivering health promotion
counselling work? Analysis of smoking cessation activities stimulated by the
quality and outcomes framework. BMC Public Health. 2010. doi:10.1186/
1471-2458-10-167.
34. Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA
statement. PLoS Med. 2009. doi:10.1371/journal.pmed1000097.
35. Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change intervention.
Implement Sci. 2011. doi:10.1186/1748-5908-6-42.
36. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH, Fernández ME. Planning
health promotion programs: an intervention mapping approach. 3rd ed.
San Francisco: Jossey-Bass; 2011.
37. Byrt T, Bishop J, Carlin JB. Bias, prevalence and kappa. J Clin Epidemiol. 1993.
doi:10.1016/0895-4356(93)90018-V.
38. McEwen A. Standard treatment programme: a guide to behavioural support
for smoking cessation. 2nd ed. National Centre for Smoking Cessation and
Training; 2014. http://www.ncsct.co.uk/usr/pdf/NCSCT-standard_treatment_
programme.pdf.
39. National Standard for Tobacco Cessation Support Programme. HSE Tobacco
Control Framework Implementation group. 2013. www.hse.ie/cessation.
Accessed 18 Nov 2015.
40. A guide to smoking cessation in Scotland 2010. Helping smokers to quit:
brief interventions. NHS Health Scotland and Action on Smoking and Health
Scotland. 2010. http://www.healthscotland.com/documents/4661.aspx.
Accessed 18 Nov 2015.
41. Clinical interventions for tobacco use and dependence. In: Treating tobacco
use and dependence: 2008 update. Tobacco Use and Dependence
Guideline Panel. Rockville: US Department of Health and Human Services;
2008. http://www.ncbi.nlm.nih.gov/books/NBK63948/ Accessed 18 Nov
2015.
42. West R, Evans A, Michie S. Behavior change techniques used in group-based
behavioral support by the English stop-smoking services and preliminary
assessment of association with short-term quit outcomes. Nicotine Tob Res.
2011. doi:10.1093/ntr/ntr120.
43. de Bruin M, McCambridge J, Prins JM. Reducing the risk of bias in health
behaviour change trials: improving trial design, reporting or bias assessment
criteria? A review and case study. Psychol Health. 2015. doi:10.1080/
08870446.2014.953531.
44. Gwet KL. Handbook of inter-rater reliability: the definitive guide to
measuring the extent of agreement among multiple raters. Advanced
Analytics Press; 2012. http://www.ncsct.co.uk/usr/pdf/NCSCT-standard_
treatment_programme.pdf.
45. Brock G, Pihur V, Datta S, Datta S. clValid: an R package for cluster validation.
J Stat Softw. 2008;25:4.
46. van Houwelingen H, Arends L, Stijnen T. Advanced methods in metaanalysis: multivariate approach and meta-regression. Stat Med. 2002.
doi:10.1002/sim.1040.
47. Stram DO. Meta-analysis of published data using a linear mixed-effects
model. Biometrics. 1996. doi:10.2307/2532893.
48. Begg CB, Pilote L. A model for incorporating historical controls into a metaanalysis. Biometrics. 1991. doi:10.2307/2532647.

Page 9 of 9

49. Li Z, Begg CB. Random effects models for combining results from
controlled and uncontrolled studies in a meta-analysis. J Am Stat Assoc.
1994. doi:10.1080/01621459.1994.10476892.
50. Trikalinos TA, Olkin I. Meta-analysis of effect sizes reported at multiple time
points: a multivariate approach. Clin Trials. 2012. doi:10.1177/1740774512453218.
51. Ishak KJ, Platt RW, Joseph L, Hanley JA, Caro JJ. Meta-analysis of longitudinal
studies. Clin Trials. 2007. doi:10.1177/1740774507083567.
52. Sterne JAC, Egger M. Funnel plots for detecting bias in meta-analysis. J Clin
Epidemiol. 2001. doi:10.1016/S0895-4356(01)00377-8.
53. Ayling K, Brierly S, Johnson B, Heller S, Eiser C. How standard is standard
care? Exploring control group outcomes in behaviour change interventions
for young people with type 1 diabetes. Psychol Health. 2015.
doi:10.1080/08870446.2014.953528.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

