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Abstract

Standardisation of outcomes measured and reported in trials of infant-feeding interventions to prevent childhood obesity is essential to evaluate and synthesise intervention effects. The aim of this study is to develop an infant feeding core outcome set for use in randomised trials of infant feeding interventions to prevent childhood obesity. Core outcome set development followed four stages: 1) systematic review of outcomes reported in the extant literature; 2) meeting with national and international stakeholders to discuss and clarify identified outcomes; 3) e-Delphi study with national and international stakeholders to prioritise outcomes; 4) meeting with national and international stakeholders to reach consensus on outcomes. Stakeholders in stages 2- 4 were paediatricians, general practitioners, nurses, midwives, non-clinician researchers, parents, dieticians, nutritionists, and childcare providers. Twenty-six outcomes were identified for inclusion in the core outcome set. These were grouped in nine outcome domains: ‘breastfeeding and formula feeding’, ‘introduction of solids’, ‘parent feeding practices and styles’, ‘parent knowledge and beliefs’, ‘practical feeding’, ‘food environment’, ‘dietary intake’, ‘perceptions of infant behaviour and preferences’, and ‘child weight’. The core outcome set identified in this study is the minimum that should be measured and reported in trials of infant-feeding interventions to prevent childhood obesity. This standardisation of outcomes will enable more comprehensive examination and synthesis of the effects of infant feeding interventions to prevent childhood obesity. 





Introduction
Childhood obesity is a major global health problem with up to one-fifth of children currently classified as overweight or obese 1. Childhood obesity is associated with increased risk of metabolic syndrome in adulthood 2, including increased risk of adult obesity 3, diabetes 4, respiratory problems 5, and premature mortality 6. Evidence indicates that the period from conception to two years of age is a critical window for childhood obesity development 7. The first year of a child’s life is particularly important because during this time infants undergo rapid changes in developmental and feeding needs 8, 9. How parents feed infants during this time is implicated in the aetiology of childhood obesity; this includes timing of introduction of solids 10, 11, child’s dietary intake 12, and parent-child feeding interactions 13.

There is an increasing focus on trials of obesity prevention interventions targeting infant feeding but these demonstrate inconsistent effects 14, 15. Previous research suggests that these inconsistencies may be attributable to heterogeneity of outcomes measured and reported across trials14. Lack of standardisation of infant feeding outcomes hinders evidence syntheses and comparison of intervention effects 16. Outcome heterogeneity also impairs examination of potential mechanisms of change underpinning interventions14, which could inform future obesity prevention strategies. One approach to addressing this lack of standardisation is the development of a Core Outcome Set (COS). COS are standardised sets of outcomes that represent the minimum outcomes that should be collected and reported in any trial of a specific health area 16, 17.  Development of a COS for trials of infant feeding interventions for prevention of childhood obesity is timely and crucial 14 because effective interventions and appropriate methods to examine outcomes of interventions are urgently needed.  Development of an infant feeding COS is supported further by calls for outcome standardisation in paediatrics, child health 18, 19 and infant feeding 20. The aim of this study was to develop a COS for use in randomised trials of infant feeding interventions to prevent childhood obesity. 






















Methods
This study is registered in the Core Outcome Measures in Effectiveness Trials (COMET) database and a detailed protocol has been published 21. The COS development adheres to recommendations provided by the COMET Initiative Handbook V1 16. The COS is reported according to the Core Outcome Set-Standards for Reporting (COS-STAR) statement 22. This study was conducted in four sequential stages (see Figure 1).
1. A systematic review of outcomes reported in the extant literature
2. A stakeholder meeting to discuss and clarify identified outcomes
3. An e-Delphi study to prioritise outcomes
4. A stakeholder meeting to reach final consensus on the outcomes prioritised in Stage 3 for the final COS.
Ethical approval was obtained from the Social Research Ethics Committee, University College Cork (2016-112).  

1. Systematic review
A systematic literature search was conducted to identify infant-feeding outcomes reported in the extant literature 23. Details of this systematic review and identified outcomes have been published 23. The following databases were searched from inception to February 2017: EMBASE, MEDLINE, CINAHL, the Cochrane Library, and PsychINFO. Studies were included if they examined at least one infant feeding outcome and could include observational studies, quasi-experimental and trial designs. The systematic review was not limited to overweight or obesity-focused studies because it was acknowledged that relevant infant-feeding outcomes may emerge from studies without an explicit obesity focus. Studies which examined breastfeeding only, involved children with malnutrition, ongoing medical conditions related to feeding, or studies focusing on dental caries only were excluded. All identified study titles, abstracts, and full texts were screened independently against eligibility criteria by two researchers. The following data were extracted from each study independently by two researchers: author, year of publication, study design, sample size, study setting, participant characteristics, study outcomes, and outcome measurement tool. Extracted infant feeding outcomes were compiled into a long list, which was reviewed by a multidisciplinary team to examine potential overlap in outcomes, outcome explanations. This review process was guided by the COMET Initiative Handbook V1 16 guidance whereby outcomes that were conceptually similar were grouped into outcome domains based on the extant literature and expertise of the multidisciplinary team. The multidisciplinary team included two health psychologists with expertise in childhood obesity and COS development, a public health nutritionist, a developmental psychologist, and a midwife with expertise in COS development and trials. 

2. Stakeholder meeting
An in-person stakeholder meeting was held with national and international stakeholders to discuss, clarify and agree the suite of outcomes identified in the systematic review, and to identify additional outcomes that should be included in the e-Delphi survey. Experts were invited to attend from the following stakeholder groups: Paediatricians, Dieticians, Nutritionists, General Practitioners, Public Health Nurses, Practice Nurses, and non-clinician researchers in the areas of infant feeding and childhood obesity. Stakeholder groups were chosen to be broadly representative of healthcare professionals and researchers with research and practice expertise who could provide insight into infant feeding outcomes identified in the systematic review. Participants were invited to attend through national and international professional organisations and networks via emails sent to their mailing lists, and by direct contact with experts from each of the stakeholder groups. Parents were not included in this Stage due to the focus on discussion and clarification of the outcomes identified in Stage 1. Parent involvement was included in the Stages 3 and 4, which was essential for prioritising and reaching consensus on outcomes. Inclusion of outcomes that may be of specific relevance to parents that may have been missed at this stage involved crosschecking themes and findings from two recent qualitative evidence syntheses of infant feeding24, 25 with those identified in Stage 1; no additional outcomes were identified. 

The COMET plain language explanation of an outcome and a COS26, and the outcomes and outcome domains identified in the systematic review were provided to attendees prior to the meeting. The outcome explanations were discussed with attendees at the beginning of the meeting, followed by a group discussion of outcomes and outcome domains. A two-stage ranking exercise was included to stimulate further discussion on identified outcomes and to clarify and agree outcomes and outcome explanations. Outcomes were ranked by stakeholders individually from 1 to 9, with 1 being ‘unimportant’ and 9 being ‘critically important’, following the Grading of Recommendations Assessment, Development and Evaluation (GRADE) working group 27. Stakeholders also had an opportunity to suggest additional outcomes. Outcome rankings and any additional outcomes were then presented back to stakeholders, who were asked to discuss any further thoughts on these outcomes and whether they could identify any further overlaps or omissions based on how outcomes were ordered during this exercise. For instance, similar outcomes that were ranked similarly may have been more suitable as a single outcome and so this exercise facilitated discussion of such outcomes. This exercise was not intended to, nor did it, eliminate any outcomes for the e-Delphi study.



3. E-Delphi study
An e-Delphi survey was conducted to prioritise outcomes identified in the previous stages. The survey was completed by participants online using the COMET Delphi Manager software28. Participants were invited to participate from the following stakeholder groups: Parents, Midwives, Childcare Providers, Dieticians, Nutritionists, General Practitioners, Non-clinician researchers, Paediatricians, Practice Nurses, and Public Health Nurses. Childcare providers, parents and midwives were also invited to participate at the e-Delphi stage to ensure representativeness from all relevant stakeholder groups in prioritising outcomes. For instance, parents clearly play a critical role in infant feeding. Similarly midwives and childcare providers were important for inclusion due to their potential role in childhood obesity intervention delivery29, 30. Participants were invited to participate via emails to individuals from each stakeholder group, and to the mailing lists of national and international professional organisations and networks; parents were recruited via online national and international parenting forums and social media. Stakeholder groups were combined into the following categories: ‘Parent’, ‘Healthcare Professional’, ‘Researcher’, and ‘Childcare Professional’, to facilitate presentation of rankings to participants during the e-Delphi rounds. 

The e-Delphi study consisted of three rounds. In Round 1, outcomes grouped by outcome domain, were presented to all participants and rated on a 9-point scale from 1 to 9 27. A score of 1 to 3 indicated the outcome was ‘not critical for inclusion’ in the COS; 4 to 6 represented ‘important but not critical for inclusion’; 7 to 9 represented ‘critical for inclusion’. Participants could also add up to 5 additional outcomes for consideration in subsequent e-Delphi rounds; these were discussed by the multidisciplinary team outlined previously and outcomes not captured by existing outcomes were carried forward to Round 2.

Participants who completed Round 1 were invited to participate in Round 2 via email reminders. All outcomes from Round 1 were carried forward to Round 2. In Round 2 participants were shown their Round 1 ratings for each outcome and the distribution of scores for each outcome by stakeholder group (Parents, Healthcare Professionals, Researchers, Childcare Professionals). Participants then re-ranked the outcomes. Criteria for including or excluding outcomes in the next round followed COMET recommendations 16, presented in Table 1. Outcomes rated ‘critical for inclusion’ or ‘no consensus’, were brought to the Round 3; outcomes ‘not important for inclusion’ were not brought to the next round. Participants who completed Rounds 1 and 2 were invited to complete Round 3. Participants were presented with their scores from Round 2 and the distribution of scores for each outcome per stakeholder group and then re-rated the outcomes. Following final ratings in Round 3, outcomes were classified following COMET recommendations 16 (Table 1) and the proportion of outcomes meeting criteria for ‘not critical for inclusion’ (score 1 to 3), ‘important but not critical’ (score 4 to 6), and ‘critical for inclusion’ (score 7 to 9) were calculated. Outcomes rated as ‘critical for inclusion’ and ‘important but not critical’ were brought to the consensus meeting.

[TABLE 1 HERE]


4. Consensus meeting
A face-to-face consensus meeting with stakeholders was conducted to achieve consensus on the COS. Participants were recruited from the following groups using the same processes outlined previously: Childcare Providers, Dieticians, Nutritionists, General Practitioners, Non-clinician Researchers, Paediatricians, Parents, Practice Nurses, and Public Health Nurses. These stakeholder groups were included to ensure a diverse breadth of experience and expertise in the area. The consensus meeting was led by a chairperson and one facilitator who assisted the chairperson where necessary.  The COMET Initiative plain language COS summary was presented to participants26 and outcomes were then presented within their outcome domains. Outcomes classified as ‘critical for inclusion’ and outcomes classified as ‘not critical for inclusion’ in Round 3 of the e-Delphi survey were briefly presented and discussed. Outcomes ranked as ‘important but not critical’ (‘no consensus’) were then presented to participants. Participants voted each outcome as ‘yes’ or ‘no’ for inclusion in the final COS. Voting was done privately and individual votes were only disclosed to the group by participants at their discretion as part of group discussion.  Outcomes ≥70% or more of participants rated as “yes” for inclusion were briefly discussed a final time, followed by more in-depth discussion all other outcomes and final rating of outcomes. For inclusion in the final COS, ≥70% of participants were required to have voted ‘yes’ for an outcome in the second (final) vote.  The proportion of outcomes for which ≥70% or more of participants voted ‘yes’ were calculated to determine the final COS. Open discussion was facilitated at all stages including opportunities for combining or modifying individual outcomes. 








Results

Systematic review
The systematic review identified 13,838 papers; 126 papers were eligible for inclusion following abstract, title, and full text screening. Eighty-two unique outcomes were identified in data extraction, which were grouped into nine outcome domains23. Outcome domains were: ‘breast and formula feeding’, ‘introduction of solids’, ‘parent feeding practices and styles’, ‘parent knowledge and beliefs’, ‘practical feeding’, ‘food environment’, ‘dietary intake’, ‘perceptions of infant behaviour and preferences’, and ‘child weight’. See Supplementary File 1.

Stakeholder meeting
The stakeholder meeting was attended by two dieticians, two nutritionists, two general practitioners, two public health nurses, one paediatrician, and three non-clinician researchers. All healthcare practitioners were Irish; one researcher was Irish, one researcher was English, and one researcher was Australian; all attendees were working in their respective countries at the time of the meeting. All identified outcomes were discussed and rated, followed by further group discussion. All discussions focused on clarification, definition and specification. All identified outcomes were felt to be unique and appropriately named, with clarity sought on a number of outcomes definitions (see Supplementary File 2). One additional outcome ‘fear of choking’ was agreed for inclusion in the E-Delphi study. 

E-Delphi study
Participants in the e-Delphi survey were presented with the 82 outcomes identified in the systematic review and the one additional outcome identified in the stakeholder meeting; outcomes were grouped by outcome domain. Participant demographics for each round are presented in Table 2. Eleven additional outcomes were suggested by Round 1 respondents and were included in subsequent rounds (See Supplementary file 3).

[TABLE 2 HERE]

Round 2 was completed by 124 participants from Round 1 (49% of Round 1 participants). Following presentation of their Round 1 scores and graphs of the ratings from each of the four stakeholder groups, Round 2 participants re-rated all Round 1 outcomes and the additional 11 outcomes. No outcomes were excluded at this stage based on participant ratings and all outcomes were brought forward to Round 3.

Round 3 was completed by 79 participants who completed Round 2 (63.7 % of Round 2 participants; 31.2% of Round 1 participants). In Round 3, 34 (35.6%) outcomes were classified as ‘critical for inclusion’ (≥70% or more of participants rated the outcome from 7 to 9); none were classified as 'not critical for inclusion' (≥70% or more of participants rated the outcome from 1 to 3). All outcomes were therefore carried forward to the consensus meeting. Median scores for all outcomes in each Round are presented in Supplementary File 4. Median scores for each outcome in Round 3 for the four stakeholder groups are presented in Supplementary File 5. Proportions of all respondents voting outcomes as 'not critical' (scored 1-3), 'critical to include' (scored 7-9) or 'no consensus' (scored 4-6) in Round 3 are presented in Supplementary File 6.



Consensus meeting
The consensus meeting involved seven stakeholders: two researchers, one dietician, one nurse, two general practitioners, and one parent. Five attendees were Irish, one was Indian, and one was English; all but one attendee was female. The meeting involved initial presentation and Round 1 rating of outcomes. Following Round 1 rating, 20 outcomes were rated as essential for inclusion. Following further discussion and re-rating of all outcomes in Round 2, 26 items were voted as essential for inclusion in the final COS; these outcomes and their respective domains are presented in Table 3. The percentage of participants who voted ‘yes’ for each outcome in Round 2 is presented in Supplementary File 7.

[TABLE 3 HERE]













Discussion

Consensus was reached on the inclusion of 26 outcomes in a COS for randomised trials of infant feeding interventions to prevent childhood obesity. These 26 outcomes are grouped into the following 9 outcome domains: ‘breastfeeding and formula feeding’, ‘introduction of solids’, ‘parent feeding practices and styles’, ‘parent knowledge and beliefs’, ‘practical feeding’, ‘food environment’, ‘dietary intake’, ‘perceptions of infant behaviour and preferences’, and ‘child weight outcomes’. It is recommended that this outcome set is included in all future randomised trials of infant feeding interventions to prevent childhood obesity.

While the focus of the COS was not solely on breast feeding, as it is felt that a separate breastfeeding COS is needed to do justice to the outcomes of interest in this context, the ‘breastfeeding and formula feeding’ domain is one of the larger domains, containing six individual outcomes. Six outcomes were also identified as core in the ‘dietary intake’ domain. Inclusion of these domains and outcomes, as well as the outcome ‘infant’s age when solids were first introduced’, is unsurprising given evidence of associations between breast and formula feeding, and child dietary intake, and child weight 31-34. The inclusion of outcomes related to parents’ knowledge and beliefs, and perceptions is important because these factors can influence parents’ feeding behaviours 23, 35, 36. Inclusion of outcomes related to the food environment reflects the increasing acknowledgement of the importance of the settings/contexts in which infant feeding takes place 37, 38. The inclusion of child weight outcomes is unsurprising in a COS of infant feeding interventions to prevent childhood obesity. 

To the authors’ knowledge, this is the first infant feeding and/or childhood obesity related COS. The development and future use of this COS is essential due to the increasing number of trials of infant feeding interventions to prevent childhood obesity 7, 14, 15. Standardisation of infant feeding outcome measurement and reporting using this COS will contribute to a stronger evidence base and more efficient intervention development and evaluation 16, 20. The need for this COS is further supported by recent calls for development and application of COSs in child health 18, 19, and specifically in the area of infant feeding 20.

This study followed the COMET initiative and the COMET Handbook V116 guidelines and recommendations for COS development. This study followed the COS-STAR reporting guideline 22 and was conducted in accordance with a published protocol21. Further strengths of the study include recruitment and participation of international stakeholders in the stakeholder meeting, e-Delphi and consensus study. Participants represented a range of stakeholder groups, including parents, and methodological approaches were chosen in the e-Delphi survey and consensus meeting to ensure all voices were heard in the COS development 16. Participants voted anonymously on outcomes in the e-Delphi survey and consensus meeting, avoiding situations where specific individuals may dominate discussion while still allowing participants to change their ratings in light of others’ opinions 39. 
Despite its unique contribution to the area, this study has some limitations. There was limited representation of stakeholders from some geographical areas, including Africa and Asia. There was greater representation form western, high-income countries than from low and middle income countries (LMIC). Infant feeding outcomes of importance for obesity prevention interventions may differ between high and low income settings. Thus, while expertise was utilised from multiple countries in the development of the COS, the usefulness of this COS in LMICs warrants further investigation. More women than men participated in the study, despite efforts to recruit males given the lack of male perspective in research on infant feeding and childhood obesity 40-42. Parents were not included in the initial stakeholder meeting in Stage 2, potentially limiting initial clarification and discussion of identified outcomes. Similarly, qualitative work was not conducted with parents to identify ‘lay’ outcomes that may have been of importance. However two qualitative evidence syntheses 24, 25 conducted by members of the COS team, were consulted during the early development phases. As these were recently conducted COSs, it was deemed inappropriate and potentially representative of research waste to conduct a QES looking specifically at feeding outcomes in light of these recent syntheses.

Recruitment of participants, particularly parents and childcare providers, was lower overall than that of researchers and healthcare professionals. This may be reflective of a lesser engagement with research in this area by these groups and/or perceptions of the roles of for instance childcare providers, in obesity prevention. Given the electronic approach to recruiting participants both directly and through organisation mailing lists, it is not possible to examine non-response bias in this context. Further, only seven stakeholders were able to attend the consensus meeting, and representation across stakeholder groups was limited. Due to the influence of those stakeholders involved in the consensus meeting on the final COS, the size and composition of the consensus meeting is therefore a potential limitation. Future research utilising the COS is therefore clearly needed to further examine its usefulness and whether omission or inclusion of further outcomes is warranted. The feasibility of including the final COS, comprising 26 outcomes, should also be considered. While other COS have been developed of comparable size 43, 44, the acceptability and feasibility of including all 26 items in future trials should be examined. For instance, it was acknowledged in the consensus meeting that the outcome ‘body composition’ can be costly to measure in practice and so may not be practical for inclusion in all future trials; however it was felt that this is an essential outcome for inclusion in the context of childhood obesity. Finally, outcome grouping was conducted by a multidisciplinary team and so it may be argued that this introduced a level of subjectivity. However all participants were provided with opportunities for discussion of outcome grouping in the last three stages of the COS development and it was decided these outcome groupings represented the best fit; as such the authors are confident about these groupings. 

This study has developed a COS for infant feeding interventions to prevent childhood obesity. Further work is now needed to explore the best methods for measuring these outcomes following, for example, the COSMIN guidelines 45. In conclusion, use of this COS in future trials of infant feeding interventions to prevent childhood obesity will enable standardisation of outcome selection and reporting; this will facilitate robust and more comprehensive evaluation of the effects of interventions to improve infant feeding and prevent childhood obesity.


Acknowledgements: The authors would like to thank all participants of e-Delphi, and participants of the stakeholder and consensus meetings: AnneMarie Bennett, Brendan O Shea, Carol Ni Chaoimh, Eilish Whelan, Elizabeth O Sullivan, Ide NicDhonncha, Joanne O Halloran, Karen Roche, Kathy McSharry, Marian O Reilly, Mary Flynn, Oonagh Meade, Patricia Leahy-Warren, Rachel Laws, Sarah Redsell, Shalini Ojha, and Tony Heffernan. The authors would also like to thank the COMET Initiative for advice and support in developing the COS.

Figure Legends
Figure 1. Core Outcome Set development process
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Figure 1
Core Outcome Set development process
 
Three online questionnaire rounds with expert stakeholders to prioritise infant feeding outcomes

 
Expert stakeholder meeting to achieve COS consensus

Infant feeding core outcome set
Stage 4. Consensus meeting
Stage 3. E-Delphi survey
Stage 1. Synthesis of infant feeding outcomes
Stage 2. Small group meeting
Systematic review to identify outcomes and measurement tools
 
Expert stakeholder meeting to discuss and clarify outcomes 














































Table 1
Criteria for inclusion and exclusion of outcomes
	Critical for inclusion
	≥70% participants rated the outcome from 7 to 9, and <15% of participants rated the outcome from 1 to 3

	Not important for inclusion
	≥70% participants rated the outcome from 1 to 3, and <15% of participants rated the outcome from 7 to 9

	No consensus
	Did not meet criteria for ‘critical for inclusion’ or ‘not important for inclusion’

































Table 2. Participant Characteristics in each round
	 
	Round 1 (n=253)
	Round 2 (n=124)
	Round 3 (n=79)

	Stakeholder Group
	
	
	

	Parents
	40
	9
	2

	Healthcare Professionals
	160
	80
	55

	Researchers
	44
	31
	20

	Childcare Professionals
	9
	4
	2

	Gender
	
	
	

	Male 
	14
	8
	6

	Female
	239
	116
	73

	Nationality
	
	
	

	American
	20
	6
	4

	Asian*
	1
	1
	1

	Australian
	17
	11
	9

	Austrian
	1
	1
	1

	Belgian
	2
	2
	2

	British
	45
	21
	14

	Burkinabé
	1
	0
	0

	Canadian
	11
	8
	3

	Croatia
	2
	1
	1

	Czech
	1
	0
	0

	Dutch
	1
	1
	0

	French
	4
	1
	1

	French/Italian
	1
	1
	0

	German
	3
	2
	1

	Greek
	1
	1
	1

	Hungarian
	1
	1
	1

	Indian
	2
	1
	0

	Iranian
	1
	1
	1

	Iraqi
	1
	1
	1

	Irish
	98
	49
	29

	Irish/German
	1
	1
	0

	Israeli
	1
	0
	0

	Italian
	4
	2
	1

	Liberian
	2
	1
	1

	Maltese 
	1
	0
	0

	New Zealander
	3
	2
	2

	Norweigan
	1
	0
	0

	Pakistani
	1
	0
	0

	Polish
	2
	1
	1

	Portuguese
	2
	1
	1

	Sinhalese
	1
	1
	1

	South African
	1
	0
	0

	Spanish
	1
	1
	1

	Swedish
	1
	1
	1

	Turkish
	16
	2
	0


*Participant self-report without specific nationality










































Table 3. Final Core Outcome Set outcomes and outcome domains
	Domain
(number of outcomes in domain)
	Outcomes

	Breastfeeding and Formula Feeding (n=6)
	Duration breastfeeding from mother
Duration of exclusive breastfeeding
Feeding method (breast milk, formula, solids, combination)
Amount/volume formula consumed
Type of formula fed to infant
Mother’s breastfeeding self-efficacy

	Introduction of Solid Foods (n=1)
	Infant’s age when solids were first introduced

	Parents knowledge and beliefs (n=2)
	Knowing what foods should be offered/avoided
Knowledge about how to offer solid foods

	Feeding Practices and Styles (n=3)
	Pressuring the child to eat
Parental modelling of eating behaviours
Responsive infant feeding

	Practical Feeding (n=1)
	Child self or assisted feeding

	Food Environment  (n=2)
	Feeding environment
Offering healthy foods

	Dietary Intake (n=6)
	Types of food consumed
Portion size
Offering age appropriate foods and beverages
Infant eating ready-made food
Infant eating homemade foods
Type of 'other drinks' consumed

	Parent Perceptions of Infant Behaviour and Preferences (n=2)
	Parental perception of food preferences
Parental perception of infant satiety-responsiveness

	Weight Related Outcomes (n=3)
	Child weight
Weight gain over time
Body composition
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