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Abstract

Aim: This systematic review aimed to describe behaviour change theories and tech-
niques used to inform nutrition interventions for adults undergoing bariatric surgery.
Methods: A systematic search was conducted across PubMed, PsycInfo, CEN-
TRAL, EMBASE and CINAHL from inception until 09 March 2021. Eligible
studies were randomised controlled trials involving nutrition interventions per-
formed by a healthcare provider, to adults that were waitlisted or had under-
gone bariatric surgery and received a nutrition intervention explicitly informed
by one or more behaviour change theories or behaviour change techniques.
Screening was conducted independently by two authors. Behaviour change
techniques were examined using the behaviour change technique taxonomy
version one which includes 93 hierarchical techniques clustered into 16 groups.
Quality of included studies was assessed using Cochrane risk of bias 2.0.
Results: Twenty-one publications were included, involving 15 studies and
14 interventions, with 1495 participants. Bias was low or had some concerns.
Two interventions reported using behaviour change theories (transtheoretical
model and self-determination theory). Thirteen behaviour change technique
taxonomy groupings and 29 techniques were reported across 14 interventions.
Common techniques included ‘1.2 Problem solving’ (n = 9 studies), ‘3.1 Social
support (unspecified)’ (n = 9 studies), ‘1.1 Goal setting (behaviour)’ (n =6
studies) and ‘2.3 Self-monitoring of behaviour’ (n =- 6 studies).
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1 | INTRODUCTION

An increasing number of individuals are presenting for
weight loss treatment, and bariatric surgery is recognised
as an effective option.1 In Australia, there has been a
2.4-fold increase with 9300 surgeries performed during
the financial year 2005/2006 and 21043 in 2018/2019.>>
In this field, the care team, including dietitians, work
with patients to navigate post-operative nutritional rec-
ommendations, identify history or re-emergence of disor-
dered eating with on-going dietary monitoring, recognise
mental health factors and employ counselling and behav-
iour change.* The National Health and Medical Research
Council highlights the need for additional post-operative
lifestyle management support and recommends behav-
iour change strategies as integral.

There is a substantial proportion of bariatric surgery
patients who experience weight regain or insufficient
weight loss." Behavioural predictors of weight regain
include increased food urges, decreased well-being and
concerns over alcohol or drug use.® Additional risk fac-
tors include anxiety, binge eating, emotional eating, por-
tion size and sugary food and drink consumption.’
Willingness to change habits, self-esteem, social support
and quality of life are negatively associated with post-
operative weight regain.”

Behaviour change theories help to identify potentially
effective content for interventions and the processes by
which that content is thought to change behaviour.® It is
important to consider the link between intervention con-
tent and the theoretical constructs through which the
content is proposed to exert effects. Intervention content
is commonly based on a set of behaviour change tech-
niques.® Understanding the mechanisms through which
these techniques can modify behaviour is important for
the development and evaluation of effective behavioural
interventions.

Behaviour change interventions can be complex and
interacting components can make it difficult to replicate

Conclusion: While behaviour change techniques have been included, behav-
iour change theory is not consistently reported and/or adopted to inform nutri-
tion interventions for adults undergoing bariatric surgery. Integrating
behaviour change theory and techniques in nutrition interventions is impor-
tant for researchers and bariatric surgery teams, including dietitians, to effec-
tively target behaviours for this population.

bariatric surgery, behavior change technique, behaviour change theory, behavioural
research, nutrition intervention, systematic literature review

in research and practically apply.” There have been efforts
to standardis the reporting of behaviour change interven-
tions and their theoretical underpinnings,” which may
facilitate = communication across disciplines, and
strengthen intervention replication and implementation.
The behaviour change technique taxonomy, for example,
provides a standardised classification system of interven-
tion techniques.’ Furthermore, frameworks such as inter-
vention mapping,'® the PRECEDE-PROCEED model,"!
and the behaviour change wheel,'* further support the
transition from theory to intervention. Understanding the
active components of interventions is essential for translat-
ing evidence-based interventions into practice; however,
this depends on the available body of evidence.’ This sys-
tematic review aimed to describe behaviour change theo-
ries and techniques used to inform nutrition interventions
for adults undergoing bariatric surgery.

2 | METHODS
This systematic literature review was reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement,"* and was pro-
spectively registered with PROSPERO (CRD42021240813).
Studies were searched across five electronic data-
bases: PubMed (including MEDLINE), PsycInfo (via
Ovid), CENTRAL, EMBASE and CINAHL (via
EBSCOhost) from database inception up until 09 March
2021. The search strategy used a combination of key-
words and translated to the other databases using
CREBP-SRA Polyglot Search Translator (Table S1).**
Translated search terms were checked for accuracy and
modified after assessment for each database. An experi-
enced systematic review search librarian was consulted
throughout the search execution. There were no language
restrictions applied. Reference lists of all included articles
and relevant systematic reviews were screened to identify
any additional studies.
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To be eligible for inclusion, each study had to satisfy
the inclusion criteria regarding population, intervention,
comparison, outcome and study design. Eligible studies
were randomised controlled trials involving nutrition
interventions performed by a bariatric surgery healthcare
provider, to adults (>18 years) that were waitlisted or
had undergone bariatric surgery, and received a nutrition
intervention explicitly informed by one or more behav-
iour change theories or behaviour change techniques.
Bariatric procedures considered were any open, laparo-
scopic or endoscopic procedure used to manage obesity.
Behaviour change theories include ecological model,
health action process approach, health belief model, inte-
grated theories, model of action phases, protection moti-
vation theory, self-determination theory, social cognitive
theory, theory of planned behaviour, and trans-theoreti-
cal model. Comparison needed to be usual care or mini-
mal care (nutrition-related print materials, information
booklets or information regarding the individual's health
status) without the use of behaviour change theory or no
intervention delivered. In addition, at least one of the fol-
lowing outcomes needed to be included; eating behav-
iours, dietary intake (measured with a validated
assessment tool), anthropometric measures, clinical mea-
sures, or psychological outcomes. Conference papers, dis-
sertations, abstracts without full text and protocol papers
where it was not possible to identify a published result
paper were excluded.

Duplicate records were removed using Endnote (ver-
sion 9.3.3). Records were screened for potentially eligible
studies based on title and abstract by two independent
investigators. Full texts were reviewed to confirm eligibil-
ity by two independent investigators; disagreements were
managed by consensus or a third reviewer when required.

Data were extracted by one researcher, checked for
accuracy by a second researcher and any discrepancies
were corrected through discussion. Data extracted
included author, publication date, country, study design,
setting, participant characteristics (age, gender and pre-
operative body mass index), intervention characteristics
(detail, duration, delivery personnel), control characteris-
tics (detail, duration, delivery personnel), behaviour
change theory and techniques, study aim, primary out-
comes as listed in the published papers and associated
measures of effectiveness. Data were extracted, tabulated
and synthesised narratively.

Behaviour change techniques applied in the interven-
tions were examined using the behaviour change tech-
nique taxonomy version one.”'> The behaviour change
technique taxonomy is considered the standard for
reporting on techniques in health behaviour change
literature,'® and includes 93 hierarchical techniques clus-
tered into 16 groups.”'> The behaviour change technique

taxonomy includes a descriptions table which denotes a
number, label, definition and examples for each tech-
nique; demonstrated in Table S2. The groups within the
behaviour change technique taxonomy do not have defi-
nitions or examples associated with them.

The full text of the included reports and additional
relevant supplementary material or protocols were
uploaded into NVivo.'” Intervention details within the
manuscripts, tabulated results and supplementary mate-
rial were analysed and coded. If the intervention was
reported to be described in a prior publication, this publi-
cation was sourced and coded. One researcher initially
coded behaviour change techniques according to exact
phrases and specific terminology included in the behav-
iour change technique taxonomy description table (dem-
onstrated in Table S2); herein referred to as ‘objective’
coding. The consistency of the coding was checked by a
second researcher (a behavioural scientist). If techniques
could not be coded according to exact phrases and spe-
cific terminology; yet, subjectively were able to be inter-
preted as being consistent with the behaviour change
technique taxonomy, a ‘subjective’ code was applied
by one researcher. This was checked by the second
researcher, and any disagreements were resolved through
discussion.

When studies explicitly reported a group rather
than individual behaviour change techniques, for
example, ‘1.0 Goals and planning’, an objective code
was applied to that group. Some studies described
intervention components that could not be mapped to
individual behaviour change techniques yet were sub-
jectively determined to fit within a group. For example,
an intervention providing psychoeducation on body
image would be subjectively coded to the group ‘4.0
Shaping knowledge’ as it did not meet the exact
criteria to be coded as any of the behaviour change
techniques under this group. Criteria were formed to
provide some systematic approach to the subjective
coding to groupings (Table 1). The frequency and total
number of behaviour change techniques used in each
study only include techniques that were determined
through objective coding and do not include those
coded subjectively. Techniques that were ambiguous
and could not be mapped to the behaviour change
technique taxonomy were coded as ‘unspecified’.

Studies were assessed for risk of bias using the
Cochrane risk of bias 2.0 tool,'® by two investigators inde-
pendently, with disagreements managed by consensus.
The risk of bias in the domain of ‘bias in measurement of
the outcome’ depends on whether the method of measur-
ing the outcome is appropriate, whether measurement or
ascertainment of the outcome differs or could differ
between intervention groups, who is the outcome
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assessor, whether the outcome assessor is blinded to
intervention assignment and whether the assessment of
outcome is likely to be influenced by knowledge of inter-
vention received. The primary outcomes as listed in the
published papers were extracted and the risk of bias
applies to these outcomes. Within the present study, our
primary interest is the reported behaviour change theo-
ries and techniques.

TABLE 1
related criteria to allow intervention
components to be coded despite not

Taxonomy grouping and No  Group label®

directly mapping to one of the 5.0 Natural
behaviour change techniques under consequences
each grouping 7.0  Associations

10.0 Reward and threat

15.0  Self-belief

4.0 Shaping knowledge

3 | RESULTS

The flow of study identification and selection is detailed
in Figure 1. The search identified 6474 publications.
Twenty-one reports were included, involving 15 studies
and 14 interventions. Two separate studies utilised the
same intervention, one delivering the intervention pre-
operatively and the other post-operatively.'**

Criteria
Related to knowledge,>* and includes psychoeducation.

May include the word consequences and includes
implications.

Relating to cues and cue responses,”* and includes triggers.

Relating to the anticipation of a direct reward or
punishment.>

Beliefs about capabilities and optimism.>>

*While there are 16 groupings in the behaviour change technique taxonomy,’ the establishment of criteria
was only required for five groupings.

Identification of studies via databases and registers

G
Records identified from:
§ PubMed (n = 3636) SI'Rcercec:err:ji;r?moved before
® Embase (n = 1765) '8
£ Duplicate records removed
= Psycinfo (n = 459) —> (n=1012)
S CINAHL (n = 445)
2 CENTRAL (n = 169)

— !

(n=5462)

Records screened

Records excluded
(n=5435)

!

Reports not retrieved
(n=0)

v

Reports excluded:

Ineligible study design (n = 3)
Population did not include

patients undergoing bariatric
surgery (n = 2)
No outcomes of interest (n = 1)

00
c
'5 Reports sought for retrieval
o (n=27)
(8]
n
\4
FIGURE 1 Preferred
Reporting Items for Systematic Reports assessed for
Reviews and Meta-Analysis eligibility (n = 27)
flowchart,'® of the literature —
search and filtering results for a i
systematic review of . . .
> . . . ° Studies included in review
interventions delivered in (]
L © (n=15)
bariatric health care that are 3 . X
. . Q Reports of included studies
informed by behaviour change £
. . (n=21)
theories or techniques
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TABLE 4 Reported behaviour change theories and behaviour change techniques according to the behaviour change technique
taxonomy (version one),’ in intervention arms of the included interventions

Interventions®
Behaviour change theory or technique 1 2 3 4 5 6 7 8 9 10° 11 12 13 14 Total®
Behaviour change theory
Transtheoretical model [ ] [ ) 2
Self-determination theory [ ) 1
Behaviour change technique (no. Label)
1.0 Goals and planning ® 6 6 o6 o6 o o o o o [ ) o e 12
1.1 Goal setting (behaviour) e o o ] { { 6
1.2 Problem solving e O -° o O e o o [ ] ° ® 9
1.4 Action planning ® - o ° 3
1.6 Discrepancy between current [ ] ° 1
behaviour and goal
1.9 Commitment [ 1
2.0 Feedback and monitoring e o ° e 6 o o e o ® 9
2.1 Monitoring of behaviour by others o o o 0
without feedback
2.2 Feedback on behaviour ° () 1
2.3 Self-monitoring of behaviour () () () () o (] 6
2.4 Self-monitoring of outcomes of e o () () 4
behaviour
3.0 Social support ° ® 6 6 o6 o o o o [ ) ® 10
3.1 Social support (unspecified) o e 6 o o o e ©o [ ) ® 9
3.2 Social support (practical) e o [ [ ® 5
3.3 Social support (emotional) [} e ©o 3
4.0 Shaping knowledge ° @ ° O e o o - { °© @ @
4.1 Instruction on how to perform the () () () 3
behaviour
5.0 Natural consequences ° [ ] e ©o ° ° 3
5.1 Information about health o [ ) 2
consequences
7.0 Associations ® ° e o o [ ] ® [ 6
7.1 Prompts and cues () () [ ] ([ 4
7.5 Remove aversive stimulus o () 2
7.6 Satiation ° 0
8.0 Repetition and substitution e o ©o e 6 o o o [ ) ® o 10
8.1 Behavioural practise and rehearsal () e o [ ) o o o 4
8.2 Behaviour substitution [ I ) () [ ) 4
8.3 Habit formation ° 0
8.7 Graded tasks [ ) [ ) [ ] 3
9.0 Comparison of outcomes [} () [} 3
9.2 Pros and cons () () () 3
10.0 Reward and threat o 1
11.0 Regulation () e o ® O 5
11.2 Reduce negative emotions () () e o ¢4

(Continues)
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TABLE 4 (Continued)
Interventions®
Behaviour change theory or technique 1 2 3 4 5 6 7 8 9 10° 11 12 13 14 Total’
12.0 Antecedents ) o ° 1
12.3 Avoidance/reducing exposure to [ ) 1
cues for the behaviour
13.0 Identity [ ) ° o [ ) [ ) ° 3
13.2 Framing/reframing [ ) o [ ) o 2
13.3 Incompatible beliefs ° 0
15.0 Self belief () ® o o () o 4
15.2 Mental rehearsal of successful [ ) 1
performance
15.3 Focus on past success [ ] () [ ] o 3
15.4 Self talk o o 0
Total no. of techniques used in each study® 6 24 12 11 10 20 12 15 13 2 14 2 7 9

Note: Key = @ Objective coding o Subjective coding.

3Studies are numbered in alphabetical order: 1 = Camolas et al.,>* 2 = Cassin et al., 2016 and Cassin et al., 2020,'*?° 3 = Chacko et al.,** 4 = David et al.,*®
5 = Gade et al., 2014, Gade et al., 2015 and Hjelmesaeth,**~*® 6 = Kalarchian et al., 2013, and Kalarchian 2016,>*%° 7 = Lauti et al.,>* 8 = Lent et al.,”

9 = Nijamkin et al., 2012 and Nijamkin et al., 2013,>**” 10 = Ogden et al.,* 11 = Paul et al.,*® 12 = Sarwer et al.,>® 13 = Weineland et al., 2012(A) and
Weineland et al., 2012(B),>*? 14 = Wild et al., 2015 and Wild et al., 2017,>>* (Note: While Cassin et al., 2016 and Cassin et al., 2020 are different in that one
was delivered pre-operatively,'® and the other post-operatively, they both used the same intervention hence have been combined in this table).

Obtained from a published book chapter,™ as the intervention was only briefly described within the manuscript.

Obtained from published protocol,> as behaviour change techniques were not detailed in the intervention within the manuscript.
9Total only include techniques that were determined through objective coding and does not include those coded subjectively.

Two interventions used the transtheoretical model*** and
self-determination theory.* Three interventions were based
on cognitive behavioural therapy,'*?***** one on accep-
tance and commitment therap and one on motiva-
tional interviewing.*

Thirteen behaviour change technique taxonomy group-
ings and 29 techniques were reported across the 14 inter-
ventions (Table 4). The mean number of techniques was
11 and ranged from 2 to 24. The most common behaviour
change technique taxonomy groupings were ‘1.0 Goals and
planning’ (n 12 interventions), ‘3.0 Social support’
(n = 10 interventions), ‘8.0 Repetition and substitution’
(n = 10 interventions) and ‘2.0 Feedback and monitoring’
(n = 9 interventions). The most common techniques were
‘1.2 Problem solving’ (n = 9 interventions), ‘3.1 Social sup-
port (unspecified)’ (n = 9 interventions), ‘1.1 Goal setting
(behaviour)’ (n = 6 interventions) and ‘2.3 Self-monitoring
of behaviour’ (n = 6 interventions; Table 4). Seven tech-
niques were ambiguous and coded as ‘unspecified’.

Three studies found significant improvements in the
intervention group for weight loss (Table 3).*%*%2%273% All
three used techniques from the following behaviour change
technique taxonomy groupings ‘1.0 Goals and planning’,
‘4.0 Shaping knowledge’ and ‘8.0 Repetition and substitu-
tion’; however, no technique was commonly used across
all three studies. Three studies found significant

1,32

improvement in the intervention group for binge eat-
ing.'®*** The common behaviour change technique tax-
onomy grouping was ‘1.0 Goals and planning’; however,
likewise, there were no common techniques used across all
three studies.

Two studies were categorised as having both the
intervention and control delivered by a credentialed
nutrition or dietetics practitioner.>>* Camolas et al.*
reported a significant intervention effect over the mini-
mal care control (Table 3), including significant improve-
ments in body mass index (p = 0.001), total weight loss
percentage (p = 0.001), excess weight loss (p = 0.001)
and fasting glycaemia (p = 0.019).” Sarwer et al.*®
reported no significant difference in total weight loss per-
centage (p = 0.08) compared to usual care. Intervention
effect was observed in studies where the intervention
implemented cognitive behavioural therapy,'®****3
motivational interviewing,28 acceptance and commitment
therapy>"** and psychoeducation (Table 3).**3*

4 | DISCUSSION

The findings from this review suggest behaviour change
theory is not consistently reported and/or adopted to
inform nutrition interventions for adults undergoing
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bariatric surgery. The use of theory was limited to two
studies using the transtheoretical model and self-
determination theory. Behaviour change techniques were
more widely incorporated with the most common includ-
ing ‘1.2 Problem solving’, 3.1 Social support
(unspecified)’, ‘1.1 Goal setting (behaviour)’ and ‘2.3
Self-monitoring of behaviour’. The impact of integrating
behaviour change theory and techniques in interven-
tions, on patient outcomes, was not determined.

The absence of behaviour change theory reported and/or
adopted to inform nutrition interventions for adults undergo-
ing bariatric surgery highlights a potential disparity between
intervention settings and populations. A recent review by
Rigby et al.* found all of the dietary interventions delivered
by qualified dietitians in various primary health care settings
were underpinned by behaviour change theories. The inter-
vention aims of included studies reported by Rigby et al.*’
included achieving change in weight, diet or clinical condi-
tions. Comparatively, in the current review, aims varied
including achieving change in weight, eating behaviours and
psychopathology, psychosocial variables, anxiety and depres-
sion screening, quality of life, self-efficacy and diet. Applying
behaviour change theories to interventions for adults under-
going bariatric surgery may be particularly challenging due
to the need to target multiple behaviours. It may be necessary
to integrate hypotheses from multiple behaviour change the-
ories to overcome this challenge; referred to as an ‘integrated
behaviour change model’.*! Literature regarding the applica-
tion of integrated behaviour change models on dietary
behaviours is limited yet emerging,**™* and exploration of
the applicability to adults undergoing bariatric surgery is
warranted. This is particularly important given Rigby et al.*’
found dietary interventions based on behaviour change the-
ory and techniques were potentially more effective at
improving patient health outcomes than interventions with-
out theoretical underpinnings. While behaviour change sci-
ence is valued by the dietetic profession,*® we encourage
embedding and documenting behaviour change theory in
dietetic practice to improve patient-centred care.

The most commonly reported behaviour change tech-
niques identified were ‘1.2 Problem solving’, ‘3.1 Social
support (unspecified)’, ‘1.1 Goal setting (behaviour)’ and
‘2.3 Self-monitoring of behaviour’. Results are consistent
with other reviews exploring diet and physical activity
interventions,'®*’ weight loss and weight maintenance
eHealth interventions*’ and eHealth interventions for
adults undergoing bariatric surgery.*® However, knowing
the common behaviour change techniques does not help
to determine which techniques to select. Johnston et al.
have hypothesised links between behaviour change tech-
niques and mechanisms of action and subsequently cre-
ated an online interactive tool.*” This tool may assist
clinicians and interventionalists to select techniques for

inclusion in intervention design based on evidence. The
common behaviour change techniques identified in our
review link to the following mechanisms of action:
‘beliefs about capabilities’, ‘behaviour regulation’, ‘social
influences’, ‘intention’, ‘goals’ and ‘feedback processes’.
Through making an appraisal of these links, key tech-
niques may become apparent. For example, the tech-
nique ‘11.2 Reduce negative emotions’ links to the
mechanism of action ‘emotion” which may be beneficial
for those displaying emotional eating. The authors
encourage the bariatric surgery care team, including die-
titians, to reflect on patients’ modifiable determinants
and the behavioural predictors of weight regain after bar-
iatric surgery. In addition, the authors encourage
codesigning interventions and taking a collaborative
approach with patients after bariatric surgery to foster
participatory practice.

Objective and subjective coding of techniques was a
novel approach; previous reviews have only coded objec-
tively with the limitation that techniques may be under-
reported.*>*® This was required due to the complex and
interacting components of interventions and to gain a
robust insight regarding all techniques applied in the
body of literature. The authors recommend researchers
place their efforts on reporting intervention components
as per the behaviour change technique taxonomy to assist
in strengthening intervention replication and implemen-
tation.>® In addition, this may also help with future syn-
thesis to determine if certain behaviour change
techniques are more effective than others. This extends
to other emerging areas of nutrition intervention, such as
eHealth®'; as half of the interventions in the included
studies utilised eHealth modalities.

This review has limitations worth noting. The authors
cannot exclusively say nutrition interventions for adults
scheduled for (waitlisted) or who have undergone bariatric
surgery are not explicitly informed by one or more behav-
iour change theories; rather publications are not reporting
the use of theory. While comparison groups that were
informed by behaviour change theories were excluded,
behaviour change theory and techniques may be
implemented as part of usual nutrition care without being
documented. While the inclusion of randomised control tri-
als aimed to provide the most robust level of research,
including other study designs may have provided greater
insight into theory-informed interventions. With substantial
heterogeneity, the authors were unable to evaluate the effec-
tiveness of the inclusion of behaviour change theory or tech-
niques on health behaviours or outcomes. Results do not
indicate that common behaviour change techniques lead to
effective outcomes. The risk of bias for outcome measures
does not assess the methodology of coding behaviour change
techniques, hence caution should be taken when
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interpreting this risk of bias. While the objective and
subjective coding of behaviour change techniques is a
novel approach, subjective coding is subject to bias. Fur-
thermore, authors subjectively coded to ‘groupings’
which required creating criteria, a process that is also
subject to bias.

This systematic review highlights that while behav-
iour change techniques have been included, behaviour
change theory is not consistently reported and/or
adopted to inform nutrition interventions for adults
undergoing bariatric surgery. Behaviour change theories
used included the transtheoretical model and self-
determination theory. Common behaviour change tech-
niques included ‘1.2 Problem solving’, ‘3.1 Social support
(unspecified)’, ‘1.1 Goal setting (behaviour)’ and ‘2.3
Self-monitoring of behaviour’. Integrating behaviour
change theory and techniques in nutrition interventions
is important for researchers and bariatric surgery teams,
including dietitians, to effectively target behaviours.
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