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Abstract 

Background  Early childhood obesity prevention interventions that aim to change parent/caregiver practices related 
to infant (milk) feeding, food provision and parent feeding, movement (including activity, sedentary behaviour) and/
or sleep health (i.e. target parental behaviour domains) are diverse and heterogeneously reported. We aimed to 1) 
systematically characterise the target behaviours, delivery features, and Behaviour Change Techniques (BCTs) used 
in interventions in the international Transforming Obesity Prevention for CHILDren (TOPCHILD) Collaboration, and 2) 
explore similarities and differences in BCTs used in interventions by target behaviour domains.

Methods  Annual systematic searches were performed in MEDLINE, Embase, Cochrane (CENTRAL), CINAHL, PsycINFO, 
and two clinical trial registries, from inception to February 2023. Trialists from eligible randomised controlled trials 
of parent-focused, behavioural early obesity prevention interventions shared unpublished intervention materials. 
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Standardised approaches were used to code target behaviours, delivery features and BCTs in both published 
and unpublished intervention materials. Validation meetings confirmed coding with trialists. Narrative syntheses were 
performed.

Results  Thirty-two trials reporting 37 active intervention arms were included. Interventions targeted a range 
of behaviours. The most frequent combination was targeting all parental behaviour domains (infant [milk] feeding, 
food provision and parent feeding, movement, sleep health; n[intervention arms] = 15/37). Delivery features varied 
considerably. Most interventions were delivered by a health professional (n = 26/36), included facilitator training 
(n = 31/36), and were interactive (n = 28/36). Overall, 49 of 93 unique BCTs were coded to at least one target behav‑
iour domain. The most frequently coded BCTs were: Instruction on how to perform a behaviour (n[intervention arms, 
separated by domain] = 102), Behavioural practice and rehearsal (n = 85), Information about health consequences (n = 85), 
Social support (unspecified) (n = 84), and Credible source (n = 77). Similar BCTs were often used for each target behaviour 
domain.

Conclusions  Our study provides the most comprehensive description of the behaviour change content of complex 
interventions targeting early childhood obesity prevention available to date. Our analysis revealed that interventions 
targeted multiple behaviour domains, with significant variation in delivery features. Despite the diverse range of BCTs 
coded, five BCTs were consistently identified across domains, though certain BCTs were more prevalent in specific 
domains. These findings can be used to examine effectiveness of components and inform intervention development 
and evaluation in future trials.

Trial registration  PROSPERO registration no. CRD42020177408.
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Background
Health behaviours related to diet, movement (includ-
ing physical activity, sedentary behaviour, screen time) 
and sleep are established early in life, and often continue 
throughout life to influence later childhood, adolescence 
and adult behavioural habits and associated health out-
comes [1–5]. Such behaviours also influence obesity risk 
[6]. Given the early origins of health behaviours, inter-
ventions that commence in pregnancy or infancy provide 
an opportunity to establish healthy behavioural trajecto-
ries, preventing obesity and supporting healthy growth, 
with the potential to prevent adult-onset chronic condi-
tions and extend health span [5, 7].

Infancy and early childhood are the periods when par-
ents/caregivers (hereon referred to as parents) have the 
most influence on children’s health behaviours [8–10]. 
Parents can shape children’s behaviours through their 
knowledge, skills, values and opportunities and chal-
lenges within the home environment [11, 12]. Under-
standing the behaviour change process in the first 1000 
days (i.e., conception to two years after birth) is a com-
plex task. Parents’ behaviours need to adapt in response 
to children’s rapid development during this period. The 
behaviours parents enact result in changes to infants’ 
exposure (e.g., home activity environment, encouraging 
“tummy time”), to ultimately change infants’ behaviours 
(e.g., amount of active play) and later outcomes (e.g., obe-
sity risk) [13].

Over the past 30 years, the important role of parents 
in influencing child health has resulted in many inter-
ventions designed to support parents in the first 1000 
days [14]. The growing number of interventions within 
this population provide copious data that can be used 
to examine how parent-focused behavioural interven-
tions may change parent behaviours [15] to determine 
whether they work, and for which populations they 
work [14]. This led to the formation of the Transform-
ing Obesity Prevention in CHILDren (TOPCHILD) Col-
laboration [16]. The TOPCHILD Collaboration seeks to 
address these questions, by bringing together interna-
tional researchers who are investigating parent-focused 
behavioural interventions commencing in pregnancy or 
the first 12 months after birth.

The nature of the target population (parents of young 
children) and varying types of behaviour change or main-
tenance required often results in highly complex inter-
ventions, targeting multiple behaviours over varying 
periods of time including over different developmental 
stages. A key challenge with complex, multicomponent 
interventions is describing what specific content these 
interventions actually include. The components of behav-
iour change interventions are generally underspeci-
fied in published reports, thus contributing to a poor 
understanding of how these interventions may influence 
behaviour [17], in turn limiting reproducibility, evidence 
synthesis and translation. Our present study focuses on 
examining how parent-focused behavioural interventions 
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are delivered and how they aim to change or maintain 
behaviours for optimal diet, movement and sleep, regard-
less of their effects. Several checklists, taxonomies and 
ontologies have been developed that allow researchers to 
identify and separate components of complex interven-
tions using a consistent language to describe, synthesise 
and compare interventions [18–20]. Systematic use of 
intervention coding can reveal important information 
about parental behaviours targeted for change, how an 
intervention was delivered (i.e. delivery features), and 
behaviour change techniques (BCTs; i.e. smallest, meas-
urable and reproducible behaviour change components) 
used to change parents’ behaviours [18, 21]. Understand-
ing this ‘black box’ of intervention components is a cru-
cial step to allow replication and/or identify drivers of 
change.

Previous systematic reviews have begun to unpack 
this complexity primarily by examining the BCTs used 
in single behaviour domain (i.e., infant feeding alone) or 
a multi-component intervention overall (i.e., aggregated 
obesity prevention interventions regardless of behav-
iour) [22–27]. Thus, past reviews have limited informa-
tion about interventions targeting different behaviour 
domain, including infant (milk) feeding, food provision, 
movement and sleep (alone or in combination). With-
out examination of intervention content by behaviour 
domain, we may not discover if different approaches are 
used or needed for certain types of behaviours. Such 
information is paramount for tailoring interventions to 
behaviours of greatest importance for different popu-
lations. Further, past reviews have relied on published 
intervention content descriptions that are often of lim-
ited depth. Our pilot study found 63% of BCTs were 
identified from unpublished intervention materials (e.g. 
facilitator manuals, participant resources) rather than 
published materials [23].

In this systematic review and intervention coding 
using published and unpublished materials from early 
childhood obesity prevention interventions, we sought 
to answer: 1) What are the target parental behaviours, 
delivery features and BCTs used in early childhood obe-
sity prevention interventions?; and 2) What are the simi-
larities and differences in BCTs used to target different 
parental behaviours?

Methods
This study followed an intervention coding design using 
studies from the TOPCHILD Collaboration systematic 
review. Annual systematic searches were used to iden-
tify eligible trials, where investigators of eligible trials 
were invited to join the TOPCHILD Collaboration. This 
study is part of a series of complementary projects within 
the TOPCHILD Collaboration [16]. The protocol was 

prospectively registered (CRD42020177408) and pub-
lished [15]. Reporting followed the Preferred Reporting 
Items for Systematic review and Meta-Analysis checklist 
[28] (Supplementary File 1), and guidance for report-
ing BCT Taxonomy was used [29]. Ethics approval was 
obtained from The University of Sydney Human Research 
Ethics Committee (project no. 2020/273) and Flinders 
University Social and Behavioural Research Ethics Com-
mittee (project no. HREC CIA2133-1).

Eligibility criteria
Trials were eligible if they 1) were randomised controlled 
trials with a usual care control, no intervention or atten-
tional control arm; 2) involved pregnant women or par-
ents (including pregnant women) and their infant(s) 
aged 0 to 12 months at baseline; 3) evaluated child obe-
sity prevention focused interventions that continued 
beyond pregnancy, and included at least one behavioural 
component related to infant (milk) feeding, food provi-
sion, movement (including physical activity, sedentary 
behaviour, screen time) or sleep; and 4) included at least 
one measure of child adiposity post-intervention. Trials 
were excluded if they focused solely on maternal obesity 
in pregnancy or included only non-behavioural inter-
ventions (e.g. supplements). While eligible interven-
tions could commence antenatally, this study focused 
on understanding the behavioural content relating to 
parental behaviours directed towards infants, rather than 
focusing on parents’ own health behaviours.

Information sources and search strategy
Systematic searches were conducted annually to identify 
eligible trials. The latest systematic search was performed 
on 27 February 2023 in the following databases from 
inception: Medline (Ovid), Embase (Ovid), Cochrane 
Central Register of Controlled Trials (CENTRAL), 
CINAHL (EBSCO), PsycINFO, and 28 March 2023 for 
ClinicalTrials.gov and the World Health Organization’s 
International Clinical Trials Registry Platform. No limits 
were placed on publication date, language or study sta-
tus (planned, ongoing, completed). A search strategy for 
Medline is presented in Supplementary File 2. Reference 
lists of reviews, known to the authors, of randomised 
controlled trials in childhood obesity prevention were 
searched for additional eligible trials. Collaborators also 
notified the research team of potentially eligible trials.

Selection process
Study selection included two stages: 1) systematic screen-
ing, 2) collation of unpublished intervention materi-
als. In the first stage, title/abstracts and full text articles 
were independently screened in duplicate from a pool of 
reviewers (KEH, ALS, AB, MA, SL, JGW, BJJ, JA, AM) 
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against the eligibility criteria, in Covidence (Veritas 
Health Innovation, Melbourne Australia), with disagree-
ments resolved by consulting a third reviewer. In stage 
2, eligible trials were invited by email to nominate one 
to two representative/s to join the TOPCHILD Collabo-
ration and to share unpublished intervention materials 
(e.g., facilitator manuals, participant handouts, telephone 
scripts, videos, Short Message Service content, app con-
tent). This involved completing a form outlining all mate-
rials used in the intervention, as well as key publications 
and reporting any stakeholders involved in the inter-
vention design. The review team collated key published 
materials (e.g., trial registration, protocols, main results 
publications). Trials were only included in the current 
study if they were able to share unpublished intervention 
materials (i.e. completed the requirements of the two-
stage approach).

Data extraction and risk of bias
Two reviewers (from a pool of reviewers: KEH, ALS, AB, 
MA, SL, JGW, BJJ, JA, SM) independently extracted gen-
eral trial characteristics (e.g., authors, publication date, 
number of intervention arms, intervention/s name, geo-
graphical location, stage of enrolment), into Microsoft 
Excel® (Microsoft Corporation, version 2402). Additional 
trial characteristics, outcome measures, and risk of bias 
assessments will be reported in a complementary review 
examining intervention effectiveness, for which individ-
ual participant data are currently being collated [14].

Coding of target behaviours, delivery features 
and behaviour change techniques
Outcomes for this review were intervention compo-
nents coded by the study team, namely target behaviours, 
delivery features and BCTs. A standardised coding pro-
cedure was followed with a brief training session for all 
delivery feature coders (BJJ, SP, HIL, AM). Both BCT 
coders (BJJ, SP) completed the University College Lon-
don online training for the BCT Taxonomy v1 (BCTTv1) 
[30], SP with a psychology background and BJJ having 
experience in coding BCTs in past projects (e.g., [23, 
31, 32]). Target behaviours, delivery features and BCTs 
from published materials were independently coded in 
duplicate. Coder agreement was calculated using percent 
agreement for target behaviours and delivery features, 
and using kappa and prevalence-adjusted bias-adjusted 
kappa (PABAK) statistics for BCTs [33]. Any discrepan-
cies in coding were resolved through discussion between 
coders, or by a third coder (for delivery features only as 
there were more than two coders available). We intended 
to code BCTs from unpublished materials in duplicate. 
However, given the volume of materials, high levels of 
coder agreement and data sharing agreements (e.g., 

confidentiality agreements), we used a modified proto-
col. Intervention arms were stratified by number of target 
behaviours and volume of materials, to randomly sample 
25% of intervention arms to be coded in duplicate, with 
remaining intervention arms coded by a single coder 
and checked by a second coder. Unpublished materials 
not available in English were translated using the Google 
Translate document function [34]; videos could not be 
translated. Translation of materials was confirmed with 
trial representatives. We developed and tested a novel 
validation process, where trial representatives reviewed 
the retrospective coding of their intervention/s to ensure 
it aligned with the intervention intent. Further details 
of the validation process and its evaluation are reported 
elsewhere (Johnson BJ, Chadwick P, Pryde S, Mor-
gillo S, Seidler AL, Hunter KE, et  al: Evaluating novel 
approaches  to coding behaviour change intervention 
content: case study from the TOPCHILD Collaboration, 
in preparation). In brief, where possible, a virtual meeting 
was organised for one coder (BJJ) to discuss the coding 
with the trial representative(s) and to minimise reliance 
on trialists’ knowledge of BCTs and coding frameworks. 
Through the validation meeting any areas of uncertainty 
in coding were clarified (including any translations or 
untranslated video content), and the final coding was 
confirmed.

Target behaviours were coded to capture the paren-
tal behaviour(s) addressed in each intervention. A list 
of specific behaviours was generated by the study team 
and presented in the published protocol [15]. Target 
behaviours were clustered into one of the four behaviour 
domains: 1) infant (milk) feeding practices, 2) food provi-
sion and parent feeding practices, 3) movement practices 
and 4) sleep health practices.

Delivery features refer to the characteristics of how an 
intervention is delivered. A coding framework of delivery 
features was developed based on items in the Template 
for Intervention Description and Replication (TIDieR) 
reporting checklist [20]. Additionally ontologies from 
the Human Behaviour Change Project [19] were used to 
code the intervention setting (Intervention Setting Ontol-
ogy), mode of delivery (Mode of Delivery Ontology) and 
source delivering the intervention (Intervention Source 
Ontology). We made minor refinements to the cod-
ing framework presented in the published protocol [15] 
(Supplementary File 3). The theories and rationales guid-
ing the interventions, as described by trial representa-
tives, were categorised into three types (1) Behaviour 
change theories, 2) Theories, models and frameworks 
for intervention content, and 3) Intervention develop-
ment process), guided by previous classifications [35, 
36]. Trial representative reported stakeholders involved 
in the design of the intervention (e.g. parents, health 
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professionals, graphic designers, language interpreters, 
health-literacy experts) were categorised based on com-
monly reported terms.

Behaviour Change Techniques were coded using the 
BCT Taxonomy version 1(BCTTv1) [18]. Our target 
population was parents, and behaviours of interest were 
the four parental behaviour domains. A codebook was 
developed for this study (Supplementary File 4). This 
was an iterative process, drawing on previous interven-
tion coding in obesity prevention and expert knowledge 
of the study team (BJJ, PMC, SP) [37]. Standard coding 
procedures were followed; for example, the whole inter-
vention description was read before coding, and BCTs 
were coded as a ‘Yes’, ‘Maybe’ or ‘No’ based on the depth 
of evidence [30, 38, 39]. Each identified BCT was coded 
to the relevant target behaviour domain/s, or if unclear 
to an ‘unspecified behaviour domain’. During coding we 
identified BCTs relating to unintended target behaviours 
(e.g., BCTs relating to sleep, when not coded as a target 
behaviour domain for that trial); this was discussed and 
resolved through validation meetings with trial repre-
sentatives. Coding and extracts to evidence each BCT 
were recorded in Microsoft Excel. Interventions where 
trialists had reported BCTs were recoded by the review 
team to minimise coder bias, differentiate BCTs by tar-
get behaviour domains and the BCTTv1. We intended to 
code control arms for the presence of BCTs relevant to 
the target population and behaviours, however given the 
paucity of information available about ‘usual care’ arms 
this was not possible.

Synthesis of results
Coding accuracy was compared by type of materials: 1) 
published materials, 2) unpublished materials, and 3) 
validation meeting with trial representatives. We found 
differences in the depth of information included in mate-
rial types (i.e. typically limited detail in descriptions in 
published materials) consistent with previous research 
(Johnson BJ, Chadwick P, Pryde S, Morgillo S, Seidler AL, 
Hunter KE, et al: Evaluating novel approaches to coding 
behaviour change intervention content: case study from 
the TOPCHILD Collaboration, in  preparation) [40, 41] 
that resulted in differences in the codes identified. Thus, 
we refined the main analysis sample to include only inter-
ventions that included all three material types. Sensitiv-
ity analyses were conducted including intervention arms 
that provided published and unpublished materials (i.e. 
sensitivity analysis sample), using all coding prior to 
validation meetings. For this review, unique interven-
tion arms were the primary unit of analysis, referred to 
from hereon as ‘interventions’; the term ‘trial’ is used 
when referring to characteristics relating to the trial (that 
could include one or more intervention arms). To address 

the first research question, a structured summary was 
prepared to describe the frequency of target behaviour 
domains, delivery features and BCTs coded. To address 
the second research question, narrative comparisons of 
BCTs were made to explore the similarities and differ-
ences in BCTs coded to target each parental behaviour 
domain. All analyses were repeated with the sensitivity 
analysis sample.

Results
Study selection and characteristics
From the 11,960 records screened, 51 eligible trials 
joined the TOPCHILD Collaboration, of which 32 trials 
[42–73], comprising 37 intervention arms shared unpub-
lished intervention materials and completed the valida-
tion process (Fig. 1). Trial characteristics are presented in 
Supplementary File 5. Trial start dates of included studies 
ranged from 2001 [47] to 2022 [74]. The majority of trials 
were completed at the time of coding (n[trials] = 28/32). 
Trials took place in nine countries, most frequently in 
the USA (n = 15/32), Australia (n = 6) and UK (n = 5), 
followed by New Zealand (n = 4), Norway (n = 3), Bra-
zil (n = 2), Netherlands (n = 1), Spain (n = 1) and Sweden 
(n = 1). Trials mostly commenced in the first 6 months 
after birth (n = 16/32), or during pregnancy (n = 13), and 
most ended delivery of intervention content by child age 
of 12 months (n = 13/32) or 24 months (n = 9). Several 
interventions (n[interventions] = 15/37) also targeted 
parents’ own health behaviours (e.g. diet, movement, 
mental health), and three also targeted other child fac-
tors/behaviours (e.g., temperament/emotions).

Parent behaviours targeted
Interventions most commonly targeted food provi-
sion and parent feeding practices (n = 33/37); infant 
(milk) feeding practices (n = 32/37); followed by move-
ment practices (n = 21/37), and sleep health practices 
(n = 19/37) (Table  1). Ten different combinations of tar-
get parental behaviour domains were identified from the 
possible 15 combinations (Fig.  2). The most common 
combination of domains identified was targeting all four 
domains (n = 15) [45, 46, 49, 52, 58, 59, 62, 63, 65, 66, 69–
72], followed by a combination of infant (milk) feeding 
practices, and food provision and parent feeding prac-
tices (n = 9) [44, 47, 48, 51, 54, 61, 64, 67, 68], and a com-
bination of infant (milk) feeding practices, food provision 
and parent feeding practices, and movement practices 
(n = 4) [42, 43, 52, 57].

Each intervention targeted between two [60, 73] to 22 
[46, 52, 65] specific parental behaviours, with an average 
of 13.5 (SD 6.5) behaviours per intervention. Table 1 pre-
sents the frequency of each specific parental behaviour.
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Delivery features
Given the heterogeneity and complexity of early child-
hood obesity prevention interventions, each delivery fea-
ture category was coded as present or absent, rather than 
categorising packages of intervention delivery (i.e. cer-
tain combinations of delivery features). One intervention 
did not complete validation of delivery features and was 
excluded from this analysis, resulting in 36 interventions 
available. Trial representatives reported if and what type 
of stakeholders were involved in the intervention design. 
In total, 30 of 32 trials reported any form of engagement 
with stakeholders in the intervention design. Stakeholders 
included parents (n = 25) [42, 43, 45–47, 49–56, 58, 60–
63, 65–71, 73], health professionals (n = 22) [42, 43, 45, 
46, 48–52, 54, 56–58, 60, 63, 66, 68–73], content experts 
(n = 8; e.g., paediatric researchers, experts in infant sleep) 
[45, 46, 57, 58, 63, 69, 71], graphic designers (n = 8) [45, 
46, 49–52, 71, 72], health-literacy experts (n = 3) [49, 63, 
71] and language interpreters (n = 2) [71, 73].

Table  2 presents the most commonly coded delivery 
features, see Supplementary File 6 for full details. Inter-
ventions ranged from having no underpinning theory in 
the intervention design process (n = 7) [47, 48, 61, 64] to 
being informed by multiple theories/frameworks/pro-
cesses regardless of the theory type (2: n = 13, 3: n = 7, 4: 

n = 4; Supplementary File 6). There was large variation in 
the specific theories used for behaviour change, interven-
tion content and intervention development. Six different 
theories of behaviour change were used, most frequently 
Social Cognitive Theory (n = 11) [49, 53, 56, 60, 62, 66, 
69, 71, 72]/Social Learning Theory (n = 5) [45, 46, 56, 
63], and the Health Belief Model (n = 4) [45, 46, 66]. For 
intervention content, 17 different theories, models and 
frameworks were reported, most commonly anticipatory 
guidance (n = 9) [42–44, 51–53, 72], responsive parent-
ing (n = 5) [52, 55, 67, 69], and parenting support theory 
(n = 3) [42, 43, 72]. Three different intervention devel-
opment processes were used, albeit rarely (three studies 
only), including Intervention Mapping (n = 2) [50, 57], 
the Behaviour Change Wheel (n = 1) [50], and the Model 
of Planned Promotion (n = 1) [55].

Multiple types of materials and procedures were often 
used in a single intervention. Written materials (n = 30) 
[42–48, 51, 52, 54, 56–58, 60, 61, 61, 63–65, 67, 69–73] 
were the most frequently provided materials to par-
ticipants, followed by DVD/videos (n = 16) [42, 43, 53, 
55, 57, 58, 61–66, 69, 72, 73], and tangible tools (n = 10) 
[42–44, 57, 58, 61, 62, 71, 72] such as storybooks, balls, 
placemat and cups. Common procedures used to deliver 
intervention content were didactic sessions (n = 30; i.e., 

Fig. 1  PRISMA flowchart showing search results of the TOPCHILD Collaboration
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information provision) [44–48, 50–53, 55–57, 60–63, 
65–72] and peer/facilitator support (n = 27) [42–49, 51, 
52, 56–58, 60, 62–67, 70–73].

Intervention providers (i.e. facilitators) were relatively 
homogeneous across interventions. Interventions were 
predominately provided by health professionals (n = 26), 
including nursing and midwifery professionals (n = 16) [45, 
46, 48, 49, 51, 52, 56, 58, 60, 61, 69], medical doctors (n = 4) 
[46, 48, 64, 71], and other health professionals (n = 13, such 
as dietitians and nutritionist, physiotherapist) [42–44, 

49, 51, 52, 62, 65, 66, 70, 73]. Other types of facilitators 
included professionals related to health, such as psycholo-
gists (n = 3) [44, 49, 63], community health workers (n = 2) 
[57, 70] and higher education university students (n = 3, 
e.g. student dietitian) [47, 54, 67]. Four interventions were 
purely electronic without a facilitator [50, 53, 55, 68], and 
therefore not coded to a professional background nor was 
training applicable. Intervention providers received train-
ing in all but one study, using a facilitator.

Table 1  Frequency of specific target parental behaviours and domains coded in early child obesity prevention interventionsa

a N = 32 trials, reporting n = 37 unique intervention arms that completed the validation process. Interventions could target one or more behaviours. Average percent 
agreement between coders for target parental behaviour domains was 97% (range 75% to 100%)
b It was noted from validation meetings with trial representatives that bed-sharing is a cultural practice for some populations. Therefore, if bed-sharing was considered 
culturally appropriate, the intervention approach was to bed-shared safely

Target parental behaviour domain and specific target parental behaviours Number of 
interventions 
(N = 37)

Infant (milk) feeding practices 32
Promoting and/or sustaining breastfeeding, including exclusive breastfeeding to 6 months of age 27

Feeding formula appropriately, if necessary (e.g. making formula per package instructions, feeding in response to the infant’s hunger/
satiety cues, feeding with suitable types of formula)

25

Avoiding overfeeding, by not supplementing breastmilk with formula 16

Delaying introduction of solid foods (complementary feeding) until 6 months of age 28

Food provision and parent feeding practices 33
Behaviours related to dietary intake

  Providing appropriate types of foods (e.g. vegetables, meat and alternatives, fruits, whole grains, dairy) 33

  Providing age-appropriate portions of each food group (i.e. portion sizes; incl. limiting portions of milk) 24

  Limiting provision of certain foods and drinks (e.g. energy-dense, nutrient poor foods, sugar-sweetened beverages) 30

Behaviours related to feeding practices

  Offering foods repeatedly that have previously been rejected 29

  Offering foods and drinks in response to infants’ hunger/satiety cues (e.g. letting the infant decide how much they eat, not pressur‑
ing to eat)

31

  Avoiding use of food to control (or reward) the infant’s emotions, behaviour or consumption of other foods 26

  Providing regular meal routines (incl. eating together, limiting distractions) 29

Movement practices 21
Behaviours related to physical activity

  Placing infant on their stomach for prone play (‘tummy time’) 20

  Promoting age-appropriate physical activity such as active play, outdoor play, activities relating to fundamental movement skills 21

  Providing toys that promote movement such as balls and toys on wheels 16

Behaviours related to sedentary behaviour

  Limiting the amount of time the infant is restrained (e.g. prams/strollers, high chairs, strapped on a caregivers back) 18

  Limiting the amount of time the infant is exposed to screens (e.g. television, mobile devices) 21

  Providing alternatives to screen time 20

Sleep health practices 19
Promoting regular sleep routine (e.g. calm, quiet, soothing) 19

Letting the infant settle back to sleep when stirring/crying during sleep cycle (e.g. leaving the room, only picking up infant 
when awake)

14

Promoting a positive sleep environment (e.g. quiet, darkened, warm) 16

Placing infant in cot/bassinet while awake and letting infant learn to fall asleep (e.g. following infant’s signs of tiredness) 16

Avoiding bed-sharing / co-sleeping (i.e. sleeping with the infant in the same bed)b 12

Maximising day-night differences (e.g. lights on and play in the day, lights off and sleep at night) 9
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The mode of delivery was highly varied, with interven-
tions commonly using multiple modes of delivery (e.g. 
human interaction [in person], printed material and elec-
tronic, n = 19; human interaction and printed material, 
n = 8) (Supplementary File 6). The overall delivery modes 
were evenly split across human interaction (n = 29 [42–
44, 46–49, 51, 52, 54, 56–58, 60, 61, 63–67, 69–73], pre-
dominately face-to-face n = 28), printed materials (n = 29) 
[42–48, 51, 52, 54, 56–58, 60, 61, 64–67, 69–73], and 
electronic (n = 28) [42, 43, 45, 46, 49–53, 55–58, 60–66, 
68, 69, 72, 73]. Within electronic modes, website (n = 3) 
[53, 55, 68] and mobile applications (n = 5) [49, 50, 55, 
62, 63] were less commonly coded. Most interventions 
were classified as interactional (n = 28) [42–49, 51, 52, 
54–58, 60, 62, 63, 65–67, 69–73], were delivered synchro-
nously (n = 31) [42–49, 51, 52, 54, 56–58, 60–67, 69–73] 
and included an individual (i.e. one-on-one) delivery 
approach (n = 31) [42, 43, 45–53, 55, 56, 60–62, 64–73].

Despite being predominantly delivered by health pro-
fessionals, interventions were delivered in a range of set-
tings, including healthcare facilities (n = 11) [42–44, 48, 
56, 63–66, 71, 73], educational facilities (n = 5) [52, 54, 58, 
67], community facilities (n = 5) [42, 42, 44, 56, 73] and 
research settings (n = 2) [60, 69]. Two thirds of interven-
tions were delivered in the home (n = 23) [45–47, 49–52, 
55, 56, 60–63, 68–70, 72]. Interventions were primarily 
delivered in one setting (n = 26, e.g. residential facility 

only n = 15), with ten interventions delivered in a combi-
nation of two settings (Supplementary File 6).

There was large variation in intervention dose as meas-
ured by duration of contact with the intervention con-
tent. The total number of contacts ranged from two [52, 
54, 61] to 105 [62], across a total intervention duration 
of 2 days [54] to 39 months [56]. Contact frequency also 
varied, with monthly or greater frequency used in just 
over half of the interventions (n = 21) [42–48, 53, 56, 60, 
61, 64, 66, 67, 69, 71, 72]. Total duration of contact per 
participant for intervention content ranged from an aver-
age of 18 min [68] to 30 h [57].

Three quarters of interventions (n = 27) [45–52, 56–58, 
60–62, 65–67, 69–73] reported tailoring to the partici-
pant, often through individualised counselling. However, 
some interventions included screening and subsequent 
directing participants to additional resources/support 
[52]. Only eight interventions made modifications relat-
ing to the intervention content or delivery from what was 
initially planned [42, 43, 49, 58, 63–66]. Reasons for mod-
ifications often related to funding or COVID-19 pan-
demic restrictions. All but one intervention [64] reported 
planned or actual fidelity measures (n = 35); these varied 
but were commonly implementing standardised manuals 
or training, and in some interventions reviewing obser-
vations of intervention sessions or random fidelity audits 
(e.g. [56, 70, 71, 73]).

Fig. 2  Frequency of combinations of target parental behaviour domains coded in early child obesity prevention interventions (N = 37)a. 
aThe x-axis details the possible combinations of the four target parental behaviour domains, with the dots indicating the domain is present 
in that combination. The y-axis indicates the number of interventions that targeted that combination of domains. Zeros represent 
that no intervention targeted the combination of domains
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Table 2  Summary of the most common delivery features coded in early child obesity prevention interventions

Delivery featuresa Categories Number of 
intervention 
(n = 36b

Why – theory: Rationale, theory or goal Behaviour change theory
Social Cognitive Theory 11

Social Learning Theory 5

Health Belief Model 4

Theories, models and frameworks for intervention content
Anticipatory guidance 9

Responsive parenting 5

Intervention development process
Intervention Mapping 2

No theory used (regardless of type) 7

What – materials: Physical or informational materials, 
including

Written materials 30

DVD / video 16

Tangible tools 10

Other (e.g. social media group, magnets) 5

What – procedures: Procedures, activities, processed 
used in the intervention

Didactic sessions 30

Peer/ facilitator support 27

Interactive activities 16

Group discussion 13

Who provided – intervention delivered byc: Exper‑
tise, background

Health professional 26
Medical doctor 4

Nursing and midwifery professional 16

Other health professional (e.g. dietitians and nutritionist, physiotherapist) 13

Legal, social and cultural professional (e.g. psychologists) 4
Health associate professional (e.g. community health workers) 3
Higher education university student 3
Not applicable 4

Training for the intervention: Yes 31

No 1

Not applicable 4

How– delivery moded: Human interactional 29
Face to face 28

Printed material 29
Printed publication 27

Electronic 28
Call 17

Playable electronic storage 9

Mobile application 5

Email 3

Website 3

Individual / Group: Individual (i.e., one-on-one) 31

Group 15

Unidirectional / Interactional Unidirectional 8

Interactional 28

Synchronous / Asynchronous Synchronous 31

Asynchronous 10
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Behaviour change techniques coded regardless of domain
Table  3 presents the frequently coded BCTs by target 
parental behaviour domain (see Supplementary File 7 
for all BCTs), note one intervention could use the same 
BCT to target different parental behaviour domains (i.e. 
number of interventions per BCT can be greater than the 
total 37 interventions). Overall, 49 of the 93 unique BCTs 
were coded to at least one target parental behaviour 
domain, therefore, 44 possible BCTs were not identified 
in any intervention (Supplementary File 7, Table S4). The 
BCTTv1 is organised into 16 hierarchical clusters, and 
no identified BCT was coded in any behaviour domain to 
Scheduled consequences or Covert learning hierarchical 
BCT cluster. The most frequently (> 70% of interventions 
targeting the domain) coded BCTs regardless of target 
parental behaviour domain were: 4.1 Instruction on how 

to perform a behaviour (n = 102), 8.1 Behavioural prac-
tice and rehearsal (n = 85), 5.1 Information about health 
consequences (n = 85), 3.1 Social support (unspecified) 
(n = 84), and 9.1 Credible source (n = 77).

Comparison of behaviour change techniques coded 
to target different parental behaviour domains
There were typically fewer BCTs per intervention coded 
to target sleep health practices (median 7, range 2 to 
18), compared with the other target behaviour domains 
(infant [milk] feeding practices median 12, range 3 to 20; 
food provision and parent feeding practices median 12, 
range 3 to 32; movement practices median 13.5, range 2 
to 29). Table 4 showcases examples of selected BCTs for 
relevant target behaviour domains.

Table 2  (continued)

Delivery featuresa Categories Number of 
intervention 
(n = 36b

Where – intervention settinge: Location Residential facility 23

Household residencef 23

Healthcare facility 11

Community healthcare facility 5

Educational facility 5

University facility 3

Community facility 5
When and how much – intervention doseg: Total intervention duration in weeks (median, range) 64.5 (0.3, 165.6)

Total number of contacts (median, range) 9 (2, 105)

Frequency of contact:

 < Weekly 2

Weekly to < monthly 7

Monthly or greater 21

Varied frequency 4

Average duration of contact in hours (median, range) 7.5 (0.3, 30)

Tailoring: If the intervention was planned to be per‑
sonalised, titrated or adapted at the participant level

Yes – included element of tailoring 27

No 9

Modifications: If the intervention was modified dur‑
ing the study at the intervention level

Yes – intervention modified 8

No 28

Fidelity: Planned and/or Actual Yes 35

No 1

Percent agreement between coders for delivery features was a mean 79% (SD 8%)
a Adapted from Hoffmann et al. [20] An intervention arm could be coded to multiple categories within a delivery feature domain
b One intervention arm in the primary analysis arm did not complete validation process for delivery features
c Intervention Source Ontology v3 [19] https://​osf.​io/​zfn25/
d Mode of Delivery Ontology [19] https://​osf.​io/​4j2xh/
e Intervention Setting Ontology v1 [19] https://​osf.​io/​g8qfv/
f Household residence was assumed to be where participants accessed digital/remote intervention content (n = 5)
g Intervention duration reported in months were multiplied by 4.3 to estimate duration in weeks, (n = 1 missing data). Number, frequency and duration of contact for 
intervention delivery excluded data collection contact time (n = 2 missing data, where contact was variable and unable to be estimated)

https://osf.io/zfn25/
https://osf.io/4j2xh/
https://osf.io/g8qfv/
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Table 3  Frequency of commonly coded Behaviour Change Techniques in early child obesity prevention interventions (N = 37) by 
target parental behaviour domaina

BCT number and label Infant (milk) 
feeding 
practices

Food provision 
and parent feeding 
practices

Movement 
practices

Sleep 
health 
practices

Overall
(all behaviour 
domains tallied, 
N = 105)

(n = 31) (n = 33) (n = 22) (n = 19)

1. Goals and planning
  1.1 Goal setting (behaviour) 15 14 13 9 51

  1.2 Problem solving 25 22 13 9 69

  1.4 Action planning 11 11 8 6 36

  1.5 Review behaviour goal(s) 12 11 9 5 37

  1.6 Discrepancy between current behaviour and goal 2 2 2 2 8

  1.9 Commitment 2 2 2 0 6

2. Feedback and monitoring
  2.1 Monitoring of behaviour by others without feed‑
back

0 1 0 0 1

  2.2 Feedback on behaviour 9 6 6 4 25

  2.3 Self-monitoring of behaviour 2 5 4 2 13

  2.4 Self-monitoring of outcome(s) of behaviour 2 1 0 2 5

  2.7 Feedback on outcome(s) of behaviour 7 5 4 2 18

3. Social support
  3.1 Social support (unspecified) 29 25 17 13 84

  3.2 Social support (practical) 17 15 12 10 54

  3.3 Social support (emotional) 7 5 2 1 15

4. Shaping knowledge
  4.1 Instruction on how to perform a behaviour 30 33 20 19 102

  4.2 Information about antecedents 0 2 1 0 3

  4.4 Behavioural experiments 1 3 2 3 9

5. Natural consequences
  5.1 Information about health consequences 27 29 20 9 85

  5.2 Salience of consequences 0 5 0 0 5

  5.3 Information about social and environmental 
consequences

11 11 10 1 33

  5.6 Information about emotional consequences 0 3 3 2 8

6. Comparison of behaviour
  6.1 Demonstration of the behaviour 15 22 13 8 58

  6.2 Social comparison 5 6 5 4 20

  6.3 Information about others’ approval 0 1 0 0 1

7. Associations
  7.1 Prompts / cues 7 14 7 2 30

8. Repetition and substitution
  8.1 Behavioural practice / rehearsal 20 31 21 13 85

  8.2 Behavioural substitution 10 16 13 4 43

  8.3 Habit formation 1 13 6 9 29

  8.4 Habit reversal 0 1 1 0 2

  8.6 Generalisation of a target behaviour 0 2 2 2 6

  8.7 Graded tasks 3 3 3 3 12

9. Comparison of outcomes
  9.1 Credible source 24 25 18 10 77

  9.2 Pros and cons 8 2 2 1 13

  9.3 Comparative imagining of future outcomes 0 1 0 0 1



Page 12 of 21Johnson et al. Int J Behav Nutr Phys Act           (2025) 22:14 

Infant (milk) feeding practices
Within this domain, there were 37 unique BCTs coded 
across all interventions. The most frequently coded 
BCTs were: 4.1 Instruction on how to perform a behav-
iour (n = 30), 3.1 Social support (unspecified) (n = 29), 
5.1 Information about health consequences (n = 27), 1.2 
Problem solving (n = 25), and 9.1 Credible source (n = 24). 
There were no BCTs that were only coded to this domain.

Food provision and parent feeding practices
Within this domain, there were 48 unique BCTs coded 
across all interventions. The most frequently coded 
BCTs were: 4.1 Instruction on how to perform a behav-
iour (n = 33), 8.1 Behavioural practice / rehearsal (n = 31), 
5.1 Information about health consequences (n = 29), 
3.1 Social support (unspecified) (n = 25), and 9.1 Cred-
ible source (n = 25). There were five BCTs that were only 
coded to this domain: 2.1 Monitoring of behaviour by oth-
ers without feedback (n = 1), 5.2 Salience of consequences 
(n = 5), 6.3 Information about others’ approval (n = 1), 9.3 

Comparative imagining of future outcomes (n = 1), and 
11.3 Conserving mental resources (n = 2).

Movement practices
Within this domain, there were 43 unique BCTs coded 
across all interventions. The most frequently coded 
BCTs were: 8.1 Behavioural practice / rehearsal (n = 21), 
4.1 Instruction on how to perform a behaviour (n = 20), 
5.1 Information about health consequences (n = 20), 9.1 
Credible source (n = 18), 3.1 Social support (unspeci-
fied) (n = 17), and 13.1 Identification of self as role model 
(n = 17). There was one BCT only coded to this domain: 
15.2 Mental rehearsal of successful performance (n = 1).

Sleep health practices
Within this domain there were 37 unique BCTs coded 
across all interventions. All interventions included 4.1 
Instruction on how to perform a behaviour (n = 19). There 
were no other frequently coded BCTs (i.e. used in ≥ 70% 

Table 3  (continued)

BCT number and label Infant (milk) 
feeding 
practices

Food provision 
and parent feeding 
practices

Movement 
practices

Sleep 
health 
practices

Overall
(all behaviour 
domains tallied, 
N = 105)

(n = 31) (n = 33) (n = 22) (n = 19)

10. Reward and threat
  10.3 Non-specific reward 2 2 2 2 8

  10.4 Social reward 16 13 11 5 45

  10.9 Self-reward 4 3 3 2 12

11. Regulation
  11.2 Reduce negative emotions 15 15 8 11 49

  11.3 Conserving mental resources 0 2 0 0 2

12. Antecedents
  12.1 Restructuring the physical environment 1 14 14 5 34

  12.2 Restructuring the social environment 3 12 11 4 30

  12.3 Avoidance/ reducing exposure to cues 
for the behaviour

0 2 1 0 3

  12.5 Adding objects to the environment 5 13 8 5 31

13. Identity
  13.1 Identification of self as role model 0 22 17 0 39

  13.2 Framing / reframing 3 5 5 2 15

15. Self-belief
  15.1 Verbal persuasion about capability 10 9 6 4 29

  15.2 Mental rehearsal of successful performance 0 0 1 0 1

  15.3 Focus on past success 3 3 2 2 10

  15.4 Self-talk 1 1 1 0 3
a Only BCTs that were coded to at least one intervention arm and target parental behaviour domain are displayed. No BCTs were coded from the 14. Scheduled 
consequences or 16. Covert learning hierarchical clusters. Note slightly different numbers from the target behaviours clusters (I n = 32, F n = 33, M n = 21, S n = 19, 
Table 1), as one intervention arm did not use any BCTs for that behaviour and one had unintendedly targeted a behaviour. Agreement between coders was high 
in both BCT coding of published materials (movement practices domain mean PABAK 0.88, SD 0.07 to sleep health practices domain mean 0.93, SD 0.05), and 
unpublished materials (movement practices domain mean 0.83, SD 0.08 to unspecified target behaviour domain mean 0.93, SD 0.04)
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of interventions), nor any BCTs that were only coded to 
this domain.

Sensitivity analyses
Results from the sensitivity analyses performed on the 
dataset from coding published and unpublished materi-
als, prior to refinements during the validation process 
with trial representatives (N = 41) are presented in Sup-
plementary File 8. Key differences related to the presence 
of several intervention components being clarified in the 
validation meetings.

Discussion
Interventions that aim to support parents’ practices to 
promote behaviours associated with healthy growth and 
obesity prevention in young children are varied and often 
complex. We sought to describe and compare the par-
ent behaviours targeted, delivery features and BCTs of 
such interventions. We found it was common for inter-
ventions to target multiple behaviour domains and there 
was variation in most delivery features (e.g. theory, mode, 
provider, dose). While many different BCTs were coded, 
five BCTs were commonly identified regardless of tar-
get behaviour domain: Instruction on how to perform a 
behaviour, Behavioural practice and rehearsal, Informa-
tion about health consequences, Social support (unspeci-
fied), and Credible source. Although we found similar 
patterns in the coding of several types of BCTs across 
different target behaviour domains, some types of BCTs 
were more prevalent in certain behaviour domains.

Components of early childhood obesity prevention 
interventions compared with other age groups
Most interventions in our review targeted multiple 
behaviour domains and related behaviours within each 
domain, with the most common combination targeting 
all four parental behaviour domains. Given the multiple 
influences on child growth [6] and that this is a period 
of rapid change in development, it is not surprising many 
interventions targeted multiple behaviours. While the 
multi-behaviour focus allows a comprehensive change 
approach to support healthy growth, it could also be 
perceived as overwhelming for participants. Reviews of 
obesity prevention interventions in older children (4–18 
years), find similar results to the current review. Inter-
ventions in older children often target multiple behav-
iours, most often diet and movement related behaviours 
[75–78]. While few reviews report on sleep behaviours, 
one review of family-based interventions in children 
under 18 years reporting that sleep was only targeted in 
20% of interventions [75]. There are broad similarities 
in the behavioural domains targeted across childhood, 

although few reviews in older children report on sleep 
behaviours.

We did, however, find variation in intervention com-
plexity, ranging from interventions targeting multiple 
behaviours over many contacts, to brief interventions 
focused on one target behaviour domain. Combinations 
of delivery features used varied across the interven-
tions. The features most often used were: written mate-
rials, information provision and peer/facilitator support; 
delivery by a health professional using multiple modes, 
interactional and individual components; single set-
ting; duration of 15 months or longer with frequency of 
contacts monthly or more than monthly (e.g. quarterly); 
and elements of tailoring and fidelity measures. Existing 
reviews were limited in the breadth and depth of deliv-
ery features described, often only reporting theory use, 
intervention settings or duration [75–78], hence limit the 
comparisons that can be made with the current review 
findings. There were similarities in underpinning theo-
ries, with Social Cognitive/Learning Theory being the 
most used in studies in this review, in line with previous 
intervention findings in older age groups [75, 78]. Not-
ing that the most common intervention settings differed 
between our review and those targeting 6–18-year-olds, 
which reflects our inclusion criteria of parent-focused 
interventions, but also the broader range of environments 
families interact with in later childhood and adolescence. 
The review by Hodder et  al. 2022 [76], found interven-
tions targeting 6–18-year-olds were less often delivered 
solely in the home only (6% vs our review 42%) or solely 
healthcare settings (2% vs 19%), more commonly deliv-
ered across multiple settings (49% vs 28%) or solely in 
school settings (32% vs 8%), compared with our sample. 
The setting differences are further supported by a review 
of family-based interventions [75], finding that inter-
ventions in young children were more often delivered at 
home (31%) and primary care settings (33%), compared 
to community and school settings (53% and 27%) used in 
interventions targeting older children. Unsurprisingly, we 
found emerging use of additional electronic modes, such 
as websites or mobile applications in several recent or 
ongoing interventions. Our finding aligns with a review 
by Ash et al. 2017 [75], who reported technology-based 
modes (i.e. computer, social media, text messages, inter-
net) were more common in recent interventions. Taken 
together, these reviews reinforce the need for several 
delivery features to be tailored to the child age/parenting 
stage.

Comparisons of BCTs by parent behaviour domain 
targeted
Comparisons of the types of BCTs coded to target each 
behavioural domain revealed similarities in the frequency 
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of BCTs related to shaping knowledge, feedback, natu-
ral consequences, comparison of outcomes (e.g. cred-
ible source), regulation, and self-belief used in all/most 
domains. Many of these groups of BCTs relate to increas-
ing parents’ capability through shaping knowledge and 
motivation through beliefs and persuasion [79]. Our 
findings likely reflect the commonly used self-regulation 
theories, for example needing to know how to do the 
behaviour, motivation for why change is needed, reduc-
ing stress impeding change, and/or building confidence 
in the ability to implement changes. Strategies relating 
to social and environmental opportunity were not as 
common in all domains, yet are important for behaviour 
change [79].

Notable differences were seen in BCTs relating to social 
support, with these being more common when target-
ing infant (milk) feeding practices. This reflects the type 
of behaviour, mostly breastfeeding, that may require 
additional support and resilience to implement [80]. 
Similarly, BCTs relating to goals/planning and rewards 
(i.e. social reward) were more commonly coded when 
targeting infant (milk) feeding practices or movement 
practices. There was variation in the specific BCTs iden-
tified, such as Problem solving being frequent in relation 
to breastfeeding, versus a range of goal focused BCTs 
coded in movement interventions. These findings are 
consistent with a review by Kassianos et al. [27] of inter-
ventions targeting breastfeeding, who reported BCTs 
relating to social support and problem solving were com-
monly coded across time intervals (birth-4wks, 5-8wks, 
9-12wks, ≥ 13wks), with the BCT Social support (unspeci-
fied) associated with intervention effectiveness (at 
5-8wks).

Several types of BCTs were more frequently identified 
to target both food provision and movement practices, 
than infant (milk) feeding practices or sleep health prac-
tices. Specifically, BCTs relating to comparison of behav-
iour (e.g. demonstrations), associations (e.g. prompts), 
repetition and substitution, antecedents (e.g. environ-
ment changes) and identity (e.g. role modelling). The 
grouping of techniques aligns with the repeated nature 
of these behaviours across the day and through develop-
mental stages in early childhood [81, 82]. For example, 
with movement behaviours parents need to adjust the 
‘how to’ strategies as an infant becomes more mobile and 
acquires new motor skills. Additionally, the strategies 
may reflect that diet and movement behaviours include 
both start/increase (e.g., increasing physical activity) 
and stop/decrease (e.g. decreasing sedentary behaviour) 
behaviours that require multiple behaviour change strat-
egies [83, 84].

It was somewhat surprising many of the common 
types of BCTs coded in food provision and movement 

practices (e.g. comparison of behaviour, repetition, 
antecedents) were not as frequently coded when tar-
geting sleep health behaviours, when similar chal-
lenges of adjusting strategies through developmental 
stages apply. However, there were substantially fewer 
BCTs targeting sleep health practices per intervention 
(median 7), than other behaviour domains (medians 
ranging from 12 to13.5), likely influencing this find-
ing. The fact that these types of BCTs were identified 
in some interventions in our sample provide some 
support for the suitability/feasibility of use and evalu-
ation of these techniques in a sleep context. The excep-
tion was BCT 13.1 Identification of self as a role model, 
which is not practical to model for sleep health prac-
tices. Our findings suggest many similar techniques are 
used by intervention designers to target specific parent 
behaviours and across behaviour domains.

Strengths and limitations
Our systematic search was a key strength, mitigating 
publication bias by searching clinical trial registries, 
and contacting and interviewing authors to clarify avail-
ability of outcomes and intervention materials. Annual 
search updates allowed for inclusion of the latest infor-
mation about intervention approaches. We used multi-
ple information sources including unpublished materials 
and validation with trial representatives, a considerable 
advantage over relying on the brief published descrip-
tions typical of the field (e.g. [26, 27]). Using multiple 
information sources increased the alignment of inter-
vention coding with the intent and content delivered 
(Johnson BJ, Chadwick P, Pryde S, Morgillo S, Seidler AL, 
Hunter KE, et al: Evaluating novel approaches to coding 
behaviour change intervention content: case study from 
the TOPCHILD Collaboration, in preparation) —a com-
mon limitation of retrospective coding. Standardised 
coding tools and high levels of coder agreement sup-
ported our assessment of intervention components, and 
our coding of BCTs to the target behaviour domains was 
comprehensive.

There are also some limitations to consider. Analysis 
did not include all identified eligible trials due to lim-
ited depth of information for coding. Nor did the cur-
rent manuscript include reporting of trial results or 
risk of bias assessments as these were not related to the 
research questions and are reported in a complemen-
tary individual participant data meta-analysis [14]. Cod-
ing of BCTs focused on whether BCTs were present or 
absent and thus did not capture the dose or fidelity of 
components. Further, due to data availability and het-
erogeneity we were unable to explore parental engage-
ment or acceptability of components. In addition, 
the BCTTv1 has recently been superseded by a BCT 
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ontology that expands numerous BCTs to a total of 281 
BCTs organised into 20 higher-level groups [85]. How-
ever, the BCTTv1 used in our review can be mapped to 
the new ontology for future intervention design [86]. 
The current review findings characterise what interven-
tion designers have selected as potentially important 
components to change the parent behaviours targeted, 
often informed by engagement with parents in the 
intervention design and in some instances by behaviour 
change theory. Hence, there other untested components 
that may also be important to change the parent behav-
iours targeted.

Implications for future research and practice
The current project provides crucial information on the 
components (i.e. target behaviours, delivery features 
and BCTs) and complexity of early childhood obesity 
prevention interventions. Our description of interven-
tion components provides intervention designers with 
insights into existing and novel approaches used to 
inform design of future interventions to support parents 
in the first 1000 days. Our components evidence base can 
be used with intervention outcomes to conduct explora-
tory analyses on the effectiveness of common interven-
tion components. We planned to do such analyses but 
were unable to, given the lack of harmonised aggregate 
data measuring obesity risk at the time [15]. Our comple-
mentary individual participant data meta-analysis seek-
ing to determine whether interventions are effective and 
for whom, will overcome this issue by harmonising out-
comes using raw datasets [14]. We will begin examining 
certain delivery features (i.e. intervention mode, setting, 
dose) and child behaviours and weight trajectories in 
the complementary review to explore why interventions 
may or may not change behaviour and growth [14]. Our 
future research plans to examine additional interven-
tion components and child health behaviour and growth 
outcomes.

Our detailed analysis by target behaviour domain 
provides opportunities to explore a higher degree of 
tailoring of interventions. Tailoring could be based on 
health behaviour screening to determine behaviours of 
most importance for specific families [87], or through 
greater application of adaptive intervention methods 
[88]. Further, there is a need to assess the feasibility and 
acceptability of intervention components from a ser-
vice, practitioner/facilitator, and parent perspective to 
inform translation of findings into policy and practice 
settings. One aspect of feasibility includes quantify-
ing the costs to deliver such intervention components, 
which is a common consideration from a practice con-
text [89]. In addition, there are opportunities to test 

untapped BCTs (including many rarely used and addi-
tional 22 not yet used), target behaviour combinations 
and delivery features in future interventions, ideally using 
factorial designs to determine optimal intervention pack-
ages [90] and monitoring the fidelity of BCTs delivered 
and received by participants [91] (Johnson BJ, Middle-
ton G, Dutch D, Trost SG, Byrne R, Christian HE, et al: 
Intended, delivered and received behaviour change tech-
niques of a parent-focused behaviour change program, in 
preparation).

Conclusions
Our systematic collation and detailed coding of published 
and unpublished intervention materials provides the 
most comprehensive description of the parental behav-
iours targeted, delivery features and BCTs identified 
in parent-focussed early childhood obesity prevention 
interventions to date. Our rich coding and description 
reveal the components within interventions, to provide 
direction for the design of future interventions to draw 
on commonly used components in existing interventions 
and gaps in underused intervention components (e.g. 
targeting sleep, certain BCTs). The findings also provide 
a synthesised evidence base to enable future explora-
tion of components with intervention effects to inform 
the design of next generation interventions, policies and 
practice.
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