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Abstract
Background: Eating speed is positively correlated with higher BMI. Thus, modifying pace of eating may provide a treatment opportunity for those with
overweight and obesity, which may have additional, longitudinal bene�ts if established in childhood. Researchers have designed interventions to help both
adults and children reduce eating speed as a mechanism for weight-loss. These interventions include those that change the food that is eaten, those that use
technology to support a slower eating speed, and those that work to change eating speed by cognitive means. This review seeks to understand the feasibility,
acceptability and bene�t to using eating speed in paediatric populations who have experienced such methods as part of a clinical weight-management
programme.

Methods: Clinical studies that use eating speed interventions as a treatment for paediatric patients (age 5–18 years) with overweight or obesity will be
included in this review. No limits to language or search date will be implemented. A systematic search of the literature will be conducted using the following
databases - MEDLINE, PyschINFO and EMBASE via OVID, Web of Science and JBI, Database of systematic reviews and Implementation reports, along with
trial registers NICE, ClinicalTrials.gov and Cochrane Central Register of Controlled Trials. A grey literature search will be conducted via OpenGrey, and by writing
to experts in the �eld. Study quality will be assessed and meta-analyses for trials that use similar interventions and report similar outcomes will be undertaken
where possible.

Discussion: This review will synthesise evidence regarding the feasibility, acceptability and bene�t of using eating speed interventions to develop a narrative
review. An assessment of heterogeneity will be assessed and where there is su�cient data, we will carry out a meta-analysis; for example, on the secondary
outcomes of BMISDS or eating speed change following the interventions.

Background
Childhood overweight and obesity is prevalent in increasing numbers of young people (1). Obesity has a complex and multifaceted aetiology, including
genetic, behavioural and environmental contributions, with evidence showing a connection between eating at a faster speed and overweight and obesity (2–
6). Studies in school children (7, 8) and clinical paediatric patients (2, 6) found that those who were heavier were more likely to report eating quickly; a �nding
corroborated through a systematic review (3). Differences are also seen amongst those who are most overweight, with young females with severe obesity
scoring lower on the slowness in eating subscale on the Child Eating Behaviour Questionnaire (CEBQ) than their peers with obesity (6).

Satiety signals are generated initially through gastro-intestinal distension and subsequently through production of satiety hormones within the gut (9, 10). By
eating quickly, it is thought that more energy can be consumed before satiety signals trigger feelings of fullness (4, 11). The same food consumed over a
longer duration was associated with higher concentrations of post-prandial anorexigenic gut peptides PYY and GLP-1 (12) and supressed ghrelin (13) when
compared with the same food consumed over a short duration. These changes in hormonal concentrations were correlated with higher self-reported feelings
of fullness (12) and greater blood-oxygen level dependent (BOLD) activation of both reward and satiety regions of the brain (13). Therefore, eating quickly
may limit the ability to eat in line with sensations of satiety. Indeed, paediatric patients with obesity with low slowness in eating scores, also show poor satiety
responsiveness (6).

Slower eating may also support improved memory of recent eating episodes, resulting in greater self-reported satiety following an eating episode (14) and in
some (13, 15), but not all studies (14), reduced subsequent consumption. Once recent study found a 25% decrease in snack intake following a slowly
consumed meal compared to the same meal eaten at a faster rate. This decrease in intake was accompanied by a better recall of the consumed portion size
(13).

Eating speed is thought to be maintained with relative consistency across meals (16) and is considered to be a heritable behavioural trait (17). Indeed, those
who eat quickly in young childhood have a greater risk of overweight at age six years (18). Slowing of eating speed may therefore provide a treatment
opportunity (5, 6) and may have additional, longitudinal bene�ts if established in childhood (17). Researchers have designed interventions to help both adults
and children reduce eating speed as a mechanism for weight-loss (5, 19–21). These interventions broadly sit within three categories: (i) interventions that
change the food that is eaten, (ii) those that use technology to support a slower eating speed, and (iii) those that work to change eating speed by cognitive
means alone.

1. Interventions that manipulate the texture of foods have focused on slowing down eating rate by changing foods for harder-to-chew alternatives (22) and
also reformulating foods to create new meals that are more di�cult to eat quickly (i.e. thickening porridge) (22).

2. Technological devices have been designed that support, and in some instances ‘train’, the user to slow down their eating rate. Tableware such as forks
with integrated sensors that detect movement rate have been developed (23, 24), as have weighing scales, such as the Mandolean®, that detect the speed
in which food is removed from the plate, and prompt the user to pay attention to feelings of satiety (25, 26).

3. Interventions that target eating speed through cognition include focused, attentive or mindful eating interventions that draw attention to the sensory
qualities and to savouring the food, in the process slowing eating speed (27).

Whilst these interventions have all elicited slower eating speed in controlled laboratory studies, less is known about their applicability as clinical treatments,
and more speci�cally, little is known about their clinical application for paediatric populations. Previous work has raised concerns about the acceptability and
feasibility of engaging paediatric clinical populations with such interventions (28).

Aims

The question addressed by this review is built around the PICO (Patient, Intervention, Comparator, Outcome) framework (29). This systematic review will
synthesise evidence regarding the acceptability and feasibility (outcome) of eating speed interventions (intervention) in paediatric populations who have
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experienced such methods as part of a clinical weight-management programme (participant). Secondly, this review will present details of any clinical bene�ts
these interventions have, such as a reduction of intake and subsequent weight-loss, and thirdly, any unwanted side effects created by their use. Together, this
data will form a picture of the current status of eating speed interventions as used in paediatric weight management. Should these interventions be deemed to
be feasible and acceptable, they may provide a bene�cial addition to clinical, weight-maintained programmes that often do not currently target eating
behaviours in a structured way.

Methods
This review is registered on the Prospective Register of Systematic Reviews (PROSPERO) database (ID no. 192719) in concurrence with the 2015 Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P). The checklist is attached as Appendix A. The �nal report will be written in
concurrence with the PRISMA 2009 checklist (30).

Published trials that use interventions to reduce eating speed in a clinical setting will be included. Where possible, unpublished data and grey literature
including research reports, conference proceedings, PhD theses, preprints, white papers and government reports, will be used to identify further trials for
inclusion in the review.

Eligibility criteria

The eligibility criteria for this review is built around the PICO (Patient, Intervention, Comparator, Outcome) framework (29). This review will include both
published and unpublished research. No date restrictions will be placed on the search criteria and this review will accept studies in any language, using an
external transcription service if required.

Participants

This review will include research in children and adolescents aged between 5 and 18 years, who are receiving clinical treatment for overweight or obesity.
Recruitment may have occurred in either primary or secondary care treatment settings. Adult and non-human studies will be excluded.

Intervention

Interventions that target eating speed by any modality namely interventions that manipulate the texture of the food, those that instruct a slower eating speed
using technology such as pacing devices (i.e. the Mandolean® or pacing forks) or through cognitive training and skill development interventions, such as
mindful eating.

Research involving general mindfulness or other cognitive or therapeutic training that is not speci�cally targeting eating behaviour will be excluded.

Comparator

As this review predominantly is interested in feasibility and acceptability outcomes, trials with no control group and non-randomised trials will be included
alongside randomised controlled trials (RCTs). For studies with a control group, the following comparators would be acceptable: no intervention, waitlist
controls or an alternate intervention. There will be no expectation of blinding, due to the di�culty in blinding an eating speed intervention.

Outcome

The primary outcomes for the review will be the feasibility and acceptability of eating-rate interventions, as measured by recruitment (% of target sample
recruited), adherence (% of intervention followed by participant), �delity (% of intervention followed by staff) and completion rates (% drop-out rate of starting
sample). Any reasons provided for the above outcomes will be included and synthesised qualitatively.

Secondary outcomes will be indicators that identify impacts of the intervention, including measures of eating speed (changes to meal duration or pace of
eating in minutes/bites-per-minute or as recorded on the Child Eating Behaviour Questionnaire), the amount of food consumed (kcals or grams) and measures
of body size (Body Mass Index (BMI), Body Mass Index Standard deviation score) BMISDS/z-score, % body fat or waist-circumference). Un-wanted side
effects or di�culties that arise due to the usage of the intervention will also be extracted; for example, a reduction of fruit and vegetable consumption or an
increase in stigma due to using the device.

The data extraction form will be adapted as data is extracted, to ensure all relevant data is captured.

Study design

All types of study design will be accepted, including non-randomised trials, randomised controlled trials (RCTs), observational studies, pre-post studies, case
control studies, case-studies, experimental and quasi-experimental studies.

Search strategy

A systematic three-phased search of the literature will be conducted. First, a search will be conducted using the following databases - MEDLINE, PyschINFO
and EMBASE via OVID, followed by an analysis of the outputs; titles, abstracts and index terms. This will be checked in collaboration with a librarian to inform
the full search. The second phase will involve running the �nalised search within the following databases: MEDLINE, PyschINFO, EMBASE, Web of Science
and JBI Database of systematic reviews and Implementation reports, along with trial registers NICE, ClinicalTrials.gov and Cochrane Central Register of
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Controlled Trials. A grey literature search will be conducted via OpenGrey, and by writing to experts in the �eld. The third search phase will involve checking the
reference lists of included papers and other relevant systematic reviews for additional references. All authors will be responsible for suggesting additional
relevant articles.

The search strategy can be found in Appendix B.

Data management

All data will be managed using Rayyan systematic review software (https://rayyan.qcri.org/welcome)

Selection and extraction

All abstracts will be screened by two independent reviewers. Of these, relevant articles will be retrieved, and two reviewers will be responsible for the full-paper
reviews. Reasons for exclusion will be documented. Inconsistencies will be resolved through discussion with a third reviewer.

Data will be extracted using the data extraction form (Appendix C) by two independent reviewers. Data regarding the characteristics of the sample will be
extracted (country, sample size, age, demographics and setting), the intervention (type of intervention, duration), comparator details, primary outcomes
(recruitment, �delity, drop-out rate and reasons provided both qualitatively by the patient or as explained by the author) and secondary outcomes (changes to
eating speed, energy intake, body size and any unwanted side-effects/problems). Data required to assess methodological quality will also be included where
available. Inconsistencies will be deliberated, with decisions including a third reviewer where needed.

Quality checking

The Cochrane Risk of Bias Version 3 tool (Higgins et al., 2011) will be used for randomised controlled trials. The Newcastle-Ottawa quality assessment scale
will be used to assess the quality of non-randomised controlled trials (31). Two reviewers will independently assess the quality of each included study.

Data analysis  

The data collated from all studies will be synthesised as a narrative review with a summary of extracted data. An assessment of heterogeneity will be
conducted and where there is enough data, we will carry out meta-analysis considering continuous variables as weighted mean differences and including 95%
con�dence intervals (CIs). Pooled risk ratios (RRs) and 95% CIs will be calculated for dichotomous outcomes. Analyses will comprise only between-group
comparisons. We will use a random effect model for the meta-analysis of results, as we anticipate a high level of heterogeneity among included studies.
Degree of statistical heterogeneity will be assessed using the I2 statistic (32). If feasible, sub-group analysis may be conducted, grouping interventions from
the three classi�cations of intervention: food texture, technological, or cognitive.

Dealing with missing data

If the data required are not available in the publication, we will �rst attempt to back-calculate from the data presented (e.g. numerator or denominator from
percentages, standard deviation from standard errors or 95 % CIs). If this is not possible, we will attempt to contact the study author

Sensitivity analyses

We will conduct sensitivity analyses to include only the RCTs classi�ed as low risk of bias according to the Cochrane risk of bias tool.

Con�dence in cumulative evidence

The strength of the body of research will be assessed using  the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach
(33).

Abbreviations
BMI – Body Mass Index
BMISDS - Body Mass Index Standard deviation score
BOLD – Blood-oxygen level dependent
CEBQ - Child Eating Behaviour Questionnaire 
GLP-1 - Glucagon-like peptide 1
GRADE – Grading of Recommendations, Assessment, Development and Evaluation
GW4- Great West Four
MRC – Medical Research Council 
NICE – National Institute for Health and Care Excellence
NIHR – National Institute for Health Research
PICO  - Patient, Intervention, Comparator, Outcome
PYY – Peptide YY
PRISMA-P – Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols
PROSPERO - Prospective Register of Systematic Reviews
RCTs -Randomised controlled trials
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