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Abstract
Introduction: Current interventions for children with ADHD are primarily medication, behavioural therapy and parent-training. However, research suggests dietary manipulations may provide therapeutic benefit for some. There is accumulating evidence that the gut microbiome may be atypical in ADHD and therefore manipulating gut bacteria in such individuals may help alleviate some of the symptoms of this condition. The aim of this study is to explore the effects of supplementation with kefir (a fermented dairy drink) on ADHD symptomatology, sleep, attention and the gut microbiome in children diagnosed with ADHD.
Methods and analysis: A six-week randomised, double-blind, placebo-controlled trial in 70 children aged 8-13 years diagnosed with ADHD. Participants will be recruited throughout the UK, through support groups, community groups, schools, social media and word of mouth. Children will be randomised to consume daily either dairy kefir or a placebo dairy drink for six weeks. The primary outcome, ADHD symptomatology, will be measured by The Strengths and Weakness of ADHD-symptoms and Normal-behaviour (SWAN) scale. Secondary outcomes will include gut microbiota composition (using shotgun metagenomic microbiome sequencing), gut symptomatology (The Gastrointestinal Severity Index questionnaire), sleep (using seven-day actigraphy recordings, The Child’s Sleep Habits Questionnaire and Sleep Self Report questionnaire), inattention and impulsivity (with a computerised Go/NoGo test). Assessments will be conducted prior to the intervention and at the end of the intervention. Interaction between time (pre/post-intervention) and group (probiotic/placebo) is to be analysed using a Mixed Model Analysis of Variances (ANOVA).
Ethics and dissemination: Ethical approval for the study was granted by St Mary’s University Ethics Committee. Results will be disseminated through peer-reviewed publications, presentations to the scientific community and support groups.

Trial Registration:
The trial protocol has been prospectively registered with ClinicalTrials.gov: NCT05155696. Registered on 13 December 2021.
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Strengths and limitations of this study
· The trial is randomised and blinded, which is critical to minimise expectation bias.
· It employs a variety of objective and subjective outcome measures, providing a comprehensive assessment of potential impacts.
· It explores a potential mechanism (changes in gut microbiota) by which diet may exert an effect on behaviour.
· Whilst the design is adequately powered, results may require replication in a larger sample to increase confidence in them.
· The study population will be self-selecting, comprising families who are receptive to dietary interventions. This may be a potential threat to external validity, as findings may not extrapolate to the wider ADHD population.

Introduction

Background and rationale

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder with a global community prevalence, in children, of around 5% [1]. ADHD is defined by its behavioural symptoms of impulsivity, hyperactivity and inattention [2]. In addition to these core symptoms, children with ADHD often suffer from co-occurring mental health difficulties [3], have poorer educational outcomes than their non-affected peers [4] and are more likely to have sleep difficulties [5,6]. Estimates suggest that between 50-85% of children diagnosed with ADHD may experience some kind of sleep difficulties [7,8] and these difficulties persist across the lifespan [9]. ADHD has a significant impact on individuals, families and societies, with a marked impact on quality of life [10] and significant economic costs both in the US and Europe [11,12].

Therapeutic interventions typically implemented by health authorities are targeted at modifying the underlying neurochemistry of ADHD by use of medication, such as methylphenidate [13], or modifying behaviour with the use of behaviour therapy or parent-training [14]. However, over the past few decades there has been emerging interest in the use of dietary therapies to help manage symptoms of ADHD. Research in this area is encouraging, although studies are often hampered by small sample sizes and inconsistent findings. The exclusion of artificial food colourings [15,16] and supplementation with Essential Fatty Acids [17–19] have been found to improve ADHD symptomatology in some studies. However, systematic reviews suggest that results are inconclusive and that more research is needed [20]. One of the most effective dietary interventions in children with ADHD is the Few Foods Diet, which excludes foods most likely to provoke sensitivities, requiring the child to eat just a small number of whole-food items (such as lamb, chicken, potatoes, rice, banana, apple and brassica) [21]. Such a diet, would be difficult to maintain for a duration of time outside of a clinical trial. We have proposed elsewhere [22] that one potential mechanism that could mediate the success of these diets is the potential they have to alter gut microbiota composition. Emerging research is beginning to suggest that the composition of the microbiota may be atypical in individuals with ADHD [23–25] and it has been reported that children with ADHD may have increased incidence of gastrointestinal symptoms [26]. Dietary interventions that are specifically designed to target the gut microbiota may help induce improvements in ADHD symptomatology.

We conducted a small feasibility study on a diet designed to impact the composition of gut microbiota on nine children with ADHD. The diet (which included increased consumption of plants; a twelve-hour overnight fast; daily kefir consumption; consumption of a protein-rich breakfast; and reduction in sugar intake) was well-tolerated and rated as highly acceptable by the parents [22]. However, recruitment for the study was challenging, which led us to conclude that recruitment for a large-scale RCT would be problematic. Thus, we propose a simplified dietary intervention to use in the current randomised-controlled trial, in the hope of enhancing recruitment. The aspect of the previous dietary protocol with the highest level of adherence was daily consumption of kefir (at 97.6% compliance). This aspect directly introduced beneficial bacteria to the gut and is also the easiest aspect of the diet to match with a control condition and to achieve blinding in participants and researchers. 

Kefir is a fermented probiotic drink which is created through the ‘symbiotic fermentation of milk by lactic acid bacteria and yeasts contained within an exopolysaccharide and protein complex called a kefir grain’ [27]p. 1]. The fermented product contains a variety of probiotic bacteria (often including species of the former genus Lactobacillus, Lactococcus, Streptococcus, and Leuconostoc) and yeast species (commonly including Saccharomyces, Kluyveromyces, and Candida) [27,28]. It has been demonstrated that the consumption of kefir can positively alter the composition of the gut microbiome, in both animal models [29,30] and human studies [31,32]. Preliminary evidence, from small-scale animal models suggests supplementation with kefir, may be linked to behavioural effects such as less fatigue [33] and changes in reward-seeking and repetitive behavior [34]. The mechanisms by which kefir influences the microbiome are still being explored, but it is plausible that it exerts an effect in at least three different ways. Firstly, the administration of kefir directly introduces beneficial bacteria and yeasts into the gastrointestinal tract. Secondly, in vitro studies have revealed that kefir has antimicrobial properties against various strains of pathogenic bacteria and yeasts such as Escherichia coli [35], Salmonella typhi and Candida albicans [36]. It is therefore possible that it enhances the microbiome through the process of reducing the prevalence of less beneficial bacteria and yeasts. Finally, kefir may exert an effect by promoting the growth of beneficial microbes already present in the gut [27]. 

The association between diet and ADHD, first postulated by Feingold [37], associates a non-optimal diet with ADHD [38], with exacerbation of ADHD symptoms when certain foods are introduced [20,39]. Several theories have been proposed to explain this association, such as metabolic and/or mitochondrial dysfunction, immune mediated hypersensitivity, gastro-intestinal inflammation and/or gut sensitivity, abnormality of fatty acid metabolism and amino acid deficiency [40]. Of interest to this study is the theory that a compromised gut microbiome may lead to the proliferation of opportunistic, pathogenic bacteria, viruses and fungi in the digestive tract, which risk being absorbed in the blood stream and carried to the brain [41,42] which may then impact on behaviour. 

Although there is no previous research exploring the effects of kefir in children with ADHD, we believe that daily consumption of this drink should be feasible in this population. We propose that kefir consumption may enhance composition of the gut microbiota in children with ADHD and could lead to a reduction in ADHD symptoms and improvements in sleep. 

This paper presents the protocol for our randomised controlled trial of the effects of kefir on behaviour, sleep and the microbiome in children with ADHD. The primary aim of this study is to assess the effects of kefir on ADHD behaviour. Secondary aims are to assess the effects of kefir on gut microbiota composition, gut symptomatology, sleep, inattention and impulsivity. We hypothesise that supplementation with kefir will be superior to supplementation with a placebo drink at inducing improvements in ADHD symptoms.

Methods

Study design
This is a six-week, parallel group, double-blind, randomised controlled trial of the supplementation of daily kefir versus a placebo dairy drink in children with ADHD. This trial was registered with ClinicalTrials.gov (Identifier: NCT05155696). It has been developed and reported in accordance with the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines [43]. Primary and secondary outcomes will be measured through assessments conducted prior to commencement of the intervention (at baseline) and at completion (week six). The study commenced in January 2022 and completed data collection in September 2023.

Study location
The study is based in the UK with participants taking part within their own home. 

Randomisation 
To avoid the imbalance that can be inherent in relatively small trials, a baseline adaptive randomisation procedure is used. This sequentially assigns new subjects to a treatment group based on the covariate values for this subject while also taking into account all previously randomised subjects. Covariates for this study are age, sex and medication status. This way, a balance in the covariates among the treatment groups is achieved [44,45]. Simple randomisation where baseline covariates are used to take account of their possible effects on the trial outcome may result in the imbalance of these covariates among the treatment groups. The algorithm described in “A SAS® PROGRAM TO PERFORM ADAPTIVE RANDOMIZATION” [46] is implemented for this trial in Excel. 


Participants

Inclusion and exclusion criteria

Children are eligible to take part in the study if they have received a diagnosis of ADHD according to the DSM-IV or DSM-V criteria by a specialist qualified healthcare professional and are aged between 8 years and 13 years at onset of study. This is verified by the screening questionnaire. Age limits were set based on the questionnaire measures used to measure the outcomes of sleep and ADHD symptomatology. Males and females, children with co-occurring diagnoses and those with food allergies or sensitivities are eligible to take part in the study. Since comorbidity is very common for children with ADHD [47], including such children allows us to recruit a representative sample. 

[bookmark: _Hlk145427867]Participants are not eligible to take part if they: (1) are currently undergoing a course of behavioural therapy; (2) have a milk allergy or lactose intolerance; (3) report use of antibiotics, probiotics, antifungals or steroids in the past four weeks; (4) have a diagnosis of a gastrointestinal disorder e.g. Inflammatory Bowel Disease or Coeliac disease; (5) have a diagnosis of an auto-immune disease or compromised immunity. Originally, we planned to exclude those currently taking ADHD medication. However, following difficulties in recruitment, we removed this exclusion criteria and decided to include children on stable medication (ClinicalTrials.gov version 2, 30th Nov 2022) as recommended in recent research [48]. Since ADHD medication may influence both behaviour and the gastrointestinal system in these children, we will take this up as a factor in the analysis of the results.

Sample recruitment

Participants will be recruited through the community, using convenience sampling. Information about the study will be distributed via email, flyers and social media advertising facilitated by ADHD support groups, local community groups and schools based in the UK. Participants will be informed that the study is a randomised controlled trial looking at the effects of a probiotic drink in children with ADHD. Parents of prospective participants are asked to contact the trial manager who then provides further information either via email and/or telephone and parents and children have the opportunity to ask any questions. Parents then complete a short screening questionnaire, administered via Jisc Online Surveys (Jisc, Bristol, UK), to determine whether their child is eligible to participate.

Enrolment into the study will occur on a rolling basis, ceasing when the target number of participants has been met or time/resource-constraints force cessation of the study. Participants will be randomised into a treatment or placebo group using block randomisation stratified for age, sex and medication status. Group allocation is decided by an independent researcher at St Mary’s University who notifies the drinks distribution company. The primary researchers, participants, and their families are blinded to the allocation. 

[bookmark: _Hlk146614255]Sample size calculation

[bookmark: _Hlk118107002][bookmark: _Hlk146612749][bookmark: _Hlk146613019]We aim to recruit 35 participants per group, allowing for a 20% drop out rate. A sample size of 27 per group was estimated using software G*Power version 3.1, based on ANOVA repeated measure, within-between interaction using an alpha level of 0.05, a power (1-ß) of 0.95 with an effect size of f=0.25 between measures. During the set-up of the study, we recruited a statistician to the team, and have adopted a more effective method of analysing the data, which compares the end point values between the groups, whilst taking into account the pre-intervention variability in the scores (thus the effect size for this would be d=0.5, with d=2*f). When the analysis is run, the standard deviation will possibly be reduced by applying the correction for differences in a priori scores – this will make a difference to the power to detect an effect and also result in a higher Cohen’s f and d. The sample size calculation is justified in the following ways: 1. In our previous single-group feasibility study [22], the change in Parent report ADHD T-Score was approximately d = 0.36. While this value may not directly represent the difference in changes between a treated and an untreated group, it provides valuable insight into the magnitude of change in a primary outcome measure and serves as a starting point for our justification. 2. We have adopted a new primary outcome measure (the SWAN scale) to use in this study, as opposed to the Conners Clinical Index (which was used in the feasibility study). Ratings on the SWAN cover a broader range of attention skills, from difficulties with attention and hyperactivity through to positive attention skills [49] and thus may afford us greater sensitivity to changes following intervention as it is more sensitive to changes at both ends of the spectrum [50]. 3 Effect sizes in dietary interventions are often small-moderate [19,51]. It is our view that a medium effect size would be most appropriate to determine whether the intervention elicits meaningful change and has practical importance for clinical intervention and patient quality of life beyond statistical significance. 4. As a precautionary measure, a statistical power of 0.95 was selected, to account for scenarios where the drop-out rate surpasses initial estimate or the effect size proves to be smaller than anticipated. 

Patient and public involvement
Patients and families were first involved in the research at the conception, development, execution and evaluation of the pilot study, preceding this trial, which assessed a broader microbiome targeted dietary intervention in ADHD [22].  In particular, families informed the decision to simplify the dietary intervention to using kefir alone and also to use online questionnaire and experimental outcome measures. Talks and webinars will be offered by the research team to ADHD support groups throughout the recruitment process and after study completion, to disseminate findings.

Intervention

Participants will be asked to consume 125ml of study drink per day for six-weeks. Both intervention and control drinks are supplied in plain packaging and delivered chilled using the same courier company. During the intervention, participants will be asked to maintain their usual diet and daily routine. Drinks are distributed to participants at the beginning of the study and at the mid-point to allow for adequate storage space in the fridge. Participants will be asked to consume drinks every day for the duration of the study. The drink can be taken on its own, with food, or combined into a smoothie. Recipe ideas for how to combine the drink into smoothie drinks or bowls are provided.

Intervention group
Participants allocated to the intervention arm will consume kefir. Nourish Kefir is supplying the organic cow’s milk kefir for the study. The kefir is estimated to contain approximately 50 billion live microorganisms per 125 ml serving. Species of micro-organisms vary due to fermentation but typically include species from the following bacterial genera: Leuconostoc, Lactococcus, Bifidobacterium, and the former Lactobacillus, as well as Saccharomyces yeast species, and the exopolysaccharide kefiran. 

Control group
Participants in the placebo arm will consume UHT cow’s milk. It contains none of the live microorganisms that are present in kefir, and additionally contains no extra ingredients that could potentially cause either negative or positive impacts - it is safe for consumption. 

[bookmark: _Hlk146616367]Adverse event recording and management
Potential adverse effects of consuming kefir include gastrointestinal symptoms, such as bloating and flatulence [52]. Adverse events will be recorded according to the Common Terminology Criteria for Adverse Events [53] and European Commission guidelines [54] throughout the duration of the study. Parents are asked to report any adverse events immediately to the research team. In the event of significant gastrointestinal distress, participants will be asked leave the trial and asked to consult their GP if problems persist. Parents/caregivers will be able to contact the research team for specific advice and guidance regarding any adverse events. Adjustments may be made on an individual basis as necessary with support from the research team. Participants will be made aware that they are free to withdraw from the study at any time and will be advised to do so if adverse effects are troublesome. If adverse events were particularly problematic, a researcher independent of the study team could unblind the group allocation for this participant and communicate this directly. The rest of the participants and all researchers would remain blind to group allocation.

Adherence
Adherence is monitored by parent report of missed drinks. Families are provided with a chart to stick on their fridge to keep a record of daily adherence. This is returned to the research team at the end of the study.


Participant timeline

The schedule and time commitment for each group is shown in figure 1. 
 
Insert Figure 1 here
Figure 1: Flow diagram detailing ADHD study procedures


Outcome Measures

All outcome measures have been developed and/or used with children between the ages of 8–13 years. Measures were selected based on their frequency of use within paediatric ADHD samples and their psychometric properties.

Primary outcome measure:

[bookmark: _Hlk145422251]The primary outcome measure is ADHD symptomology, as measured by The Strengths and Weakness of ADHD-symptoms and Normal-behaviour (SWAN) scale [55]. The SWAN scale is an 18-item questionnaire, validated for use in children 6-18 years [56,57] and is completed online by parents and teachers.  They are asked to rate the child by comparing them to other children of the same age group. Each item is responded to on a seven-point scale ranging from far below average (3) to far above average (-3), with 0 being average. The scores are summed and divided by the number of items, to express the summary score as the average rating-per-item (range -3 to +3, with higher scores indicating more severe ADHD symptoms). Nine items are averaged to compute an inattention subscale and nine items are averaged to compute a hyperactivity/impulsivity subscale. The scale has been reported to have good internal consistency; acceptable longitudinal stability [50]; and good discriminant validity [57]. 

Secondary outcome measures:

Measure of impulsivity and inattention: The computerised Go/NoGo test will be used to measure impulsivity and inattention, core cognitive symptoms of ADHD  [58]. Participants watch a sequential presentation of letters (presented in a 2 × 2 grid and respond to a target letter by pressing a key on the keyboard. The target letters P or R are randomly displayed in the grid for 500 milliseconds. The inter-stimulus interval is 1500 milliseconds, with 320 repetitions. In the first set of 160 trials, participants are required to respond when they see a P. In the second set of 160 trials, participants are requested to respond when they see an R. The ratio of targets to non-targets is 80:20 for both sets. The Go/NoGo test is hosted on the GDPR compliant website Gorilla.sc and completed online in participant’s homes. Outcomes computed will be (1) Go errors (errors of omission), with a higher score indicating greater inattention; (2) NoGo errors (errors of commission), with a higher score indicating greater impulsivity; (3) Go reaction times, with a higher score indicating less impulsivity; (4) Go reaction time variability, with a higher score indicating greater inattention. This measure is sensitive to changes in ADHD symptoms in response to medication and exercise [59,60]. 


Actigraphy recordings: Actigraphy provides an objective measure of sleep quality and daytime activity. Children will be provided with a ‘Motionlogger Micro watch’ (Ambulatory Monitoring, Inc.) to wear on their non-dominant wrist for seven consecutive days [61].  Participants are instructed to remove the actigraphs only for swimming and contact sports. Off-wrist periods are marked as ‘bad data’ and not included in the analysis. Participants are requested to press an event-marker button on the watch when they attempt to get to sleep. The actigraphs record movement, temperature, light, and physical activity during sleep and waking period. 

Data from watches will be uploaded to a computer and analysed using Ambulatory Monitoring software, to obtain mean scores for the whole week. The actigraphy data is scored and analysed using the Sadeh algorithm using “Action-W- version 2” software. Awakening rules will consider wake blocks as greater than or equal to 5 continuous minutes awake and end after 15 or more continuous minutes asleep.  Movement data is recorded in 60-second epochs, with zero-crossing mode movement sampling applied for sleep analysis. Sleep diary information, light and temperature data, are used to detect and remove artefacts from the data and inform judgements in the event of a lack of clarity. The commencement of downtime is ascertained by finding a zero-crossing activity level greater than 200 and then moving one epoch towards the sleep period. Zero-crossing records the frequency of the signal crossing a particular threshold (set close to zero) during each epoch. The end of downtime is delimited by a waking zero-crossing activity level of greater than 200. 

Outcomes computed will be: (1) Mean activity during sleep (higher score reflects more disrupted sleep). This value is derived using the total number of movement counts during the ‘down-period’ divided by the number of 60 second epochs; (2) Minutes spent awake during the down period (higher score reflects poorer quality sleep); (3) Sleep latency (minutes taken to fall asleep, higher score reflects more time taken to fall asleep); (4) Sleep efficiency (percentage down period spent asleep, excluding sleep latency, higher score reflects better quality sleep); (5) Wake after sleep onset (minutes spent awake during the down period after removing sleep latency (higher score reflects poorer quality sleep); (6) Sleep fragmentation (number of awakenings/ total minutes of sleep x 100), higher score reflects more fragmented sleep). Measures of mean and median daytime activity are computed using proportional integration mode sampling for wake-period activity.

Sleep diary: The Consensus Sleep Diary [62] is a short standardized, tool for tracking nightly subjective sleep. Children are asked to complete this (with the assistance of their parents) for 7 days during week 0 of the study and again during the final week of the study. The diary takes approximately three minutes per day to complete and is used to detect and remove artefacts in the actigraphy data.  

[bookmark: _Hlk145422693]Sleep habits and disturbances: The Child’s Sleep Habits Questionnaire (CSHQ) [63] and the Sleep Self Report (SSR) [63] assess participants’ sleep habits. Both questionnaires use a three-point scale to rate items relating to sleep retrospectively for the previous week. Parents are asked to complete the CSHQ, a 33-item questionnaire, with responses ranging from rarely (1) to usually (3), with some items reverse-scored. A Total Sleep Disturbances score is calculated as the sum of all scored questions and can range from 33 to 99, with higher scores indicating more problematic sleep.  Participants complete the SSR, a 26-item questionnaire including corresponding questions to the CSHQ. A Total Sleep Disturbances score is calculated as the sum of all scored questions, and ranges from 26 to 78, with higher scores indicating more problematic sleep. The CSHQ and SSR have been assessed for validity in children diagnosed with ADHD [63,64], with reasonable internal consistency [65]. 

Gastrointestinal symptoms: The Gastrointestinal Severity Index (GSI) is used to assess changes in the gastrointestinal symptoms of participants during the intervention. The GSI is a validated tool for use in children aged 2-18 years and completed by the parent [66]. The index uses a three-point rating scale (ranging from 0-2) across six gastrointestinal symptoms: constipation, diarrhoea, stool consistency, stool smell, flatulence, abdominal pain. Ratings are summed to provide a total score, ranging from 0-12 (with a high score indicating more severe symptoms). It has been found to be sensitive to detecting gastrointestinal symptoms in ADHD [26].   

Stool microbiome collection and analysis: Faecal samples will be collected in Shield faecal collection tubes (Zymo Research), delivered to participants at baseline and week six, together with gloves, cardboard bowl, ziplock bag and instructions. Parents are instructed to collect a sample of the child’s faeces in the bowl, transfer a small amount to the tube, put the tube in the ziplock bag, and return to the researchers in the pre-paid packaging provided. 

Samples will be stored locked in a lab at St Mary’s University before being processed by SeqBiome (https://seqbiome.com/), to extract the faeces using the Qiagen QIAamp Fast DNA Stool Mini Kit (https://www.qiagen.com). Comparative changes in diversity and species (completion relative to baseline) are investigated using shotgun metagenomic microbiome sequencing. The resultant DNA is quantified using the Qubit double-stranded DNA (dsDNA) high-sensitivity assay kit (Bio-Sciences, Dublin, Ireland). Samples are prepared for shotgun metagenomic sequencing according to Illumina DNA Prep library preparation kit guidelines, with the use of unique dual indexes for multiplexing with the Integrated DNA Technologies (IDT) for Illumina index kit (https://eu.idtdna.com/). Final clean libraries are quantified by Qubit as before, and pooled using equimolar concentrations. Final sequencing pool quality check and quantification are performed by quantitative polymerase chain reaction (qPCR) using the KAPA Library Quantification Kit for Illumina (Roche KAPA). High-throughput sequencing is performed on a NextSeq 2000 platform using a P1 mid-output flow cell. The resultant data is quality checked and filtered using Kneaddata. The associated taxonomic profile is determined by Kraken2+Braken [67] and its functional potential determined using Humann3 [68].


Procedure
Participants will be assessed on all outcome measures at two time points. The first assessment (baseline) will occur prior to commencing the intervention. The second assessment will take place during the final week of intervention (week 6). A study pack (consisting of a stool sample collection kit, Motionlogger Micro Watch actigraph, sleep diary, daily adherence chart, recipe suggestions, and full instructions) will be delivered to the participants home in advance of assessment weeks and families will be provided with a pre-paid signed for Royal Mail envelope in which to return the actigraph, stool sample and daily adherence chart at the end of the week. Parents are asked to complete a short background questionnaire about variables such as ethnicity, type of delivery at birth, antibiotic usage, etc. In order to promote retention, families will be contacted throughout the trial to check on progress, answer any questions, offer support, prompt completion of any outcome measures and encourage compliance. Any modifications to the study will require approval from the funding body and the Ethics Committee, prior to implementation. The ClinicalTrials.Gov record will also be amended accordingly. Data collection for all questionnaires uses the JISC Online surveys platform (https://www.onlinesurveys.ac.uk) to ensure data is stored in a secure and GDPR compliant environment.   

Statistical analysis

All randomised participants with valid baseline and endpoint data will be included in the analysis. The plan is not use intention to treat analysis, as we are assuming that if participants drop out, it will be highly unlikely that we are able to collect endpoint data from them. All outcome variables will be checked for normality and outliers. If the distribution is not normal a suitable transformation will be used to create normally distributed variables. All subsequent analysis will be conducted on normally distributed variables. Interaction between time (pre/post-intervention) and group (probiotic/placebo) is analysed using a Mixed Model Analysis of Variances (ANOVA). The subject is the random effect in the model, the treatment is the fixed effect. Age group, gender, medication status and pre-treatment value of the outcome variable will be used as covariates.  All main effects and interactions will be assessed in the first model. Non-significant interactions will be removed, starting with highest order interactions and the resulting model will be compared to the previous model using Akaike Information Criterion (AICc) [69], where a smaller AICc value indicates a better model. Models will be chosen on the basis of "best fit" and interaction terms that improve the fit will be retained [70].  First order interactions between treatment and covariates will be added to the model. Non-significant interactions and covariate effects will be removed from the final model. Post-hoc t-tests will be used to further explore any significant results. 

Data management and monitoring

Participant confidentiality will be ensured by allocating a participant identification code to each participant as a unique identifier for all data collection. The participants’ name, address, phone number and email address along with the unique numerical identifier will be stored separately and collected only for the purpose of distributing the actigraphs, microbiome kits, surveys and intervention drink as well as tracking consent and managing withdrawal requests. The spreadsheet containing the unique identifier linked to the participant details will be stored in a password protected file on the St Mary’s university servers and only accessible by approved research team members. All data collected uses the unique identifier and does not contain personal identifying information. The data will be monitored by the research team without the need for a further data monitoring committee. There will be no interim analysis of data and termination of the trial would only occur due to unanticipated adverse events. The Principal Investigator will audit data at least per month, for overall completeness, quality and recording of adverse events.

Once the collection period has been completed the data will be held on St Mary’s University servers securely for a period of at least 10 years. Access to the data will be limited to the research team as required. Once anonymised, data will be made available to researchers via accessible data repositories and possibly used for novel purposes. Any publications resulting from this study will be done with all participant data anonymised so that it will not be possible to identify participants from the report. After data analysis, participants will be sent a report outlining the key findings, together with being informed of their group allocation (probiotic/placebo). 

Ethics and dissemination

[bookmark: _GoBack]Ethical approval for the study was granted by St Mary’s University Ethics Committee (SMU_ETHICS_2020-21_240) and parents and children will be provided with full written information about the study before written consent and assent are obtained (Supplementary File 1). Kefir is generally well tolerated, although potential adverse effects of consumption include gastrointestinal symptoms, such as bloating and flatulence [52]. To reduce any risk to vulnerable individuals, participants with a milk allergy or lactose intolerance; those who have a diagnosis of a gastrointestinal disorder e.g. Inflammatory Bowel Disease or Coeliac disease; and those who have a diagnosis of an auto-immune disease or compromised immunity, will be excluded from taking part. In addition, we will operate an adverse event recording and management plan (detailed previously), with side-effects and adverse events being recorded and monitored throughout the study. Findings will be disseminated through journal articles and presentations at both academic/medical conferences and to community groups. Authorship of articles will be determined by discussion within the research team, adhering to authorship guidelines. 

Discussion

There is much interesting research concerning the use of dietary interventions in ADHD, but the most effective diets are highly restrictive, with limited understanding of the mechanisms underpinning their success [22]. We propose that dietary interventions may work, in part, because of the positive impact they have on the gut microbiome. Burgeoning evidence exists to suggest that kefir can have a positive impact on microbiome composition [29–32]. By employing a double-blind, placebo-controlled design, this study will be the first to evaluate the effects of kefir on behaviour, sleep, gastrointestinal symptoms and the microbiome in children with ADHD.

With many dietary interventions it is not possible to easily blind the participants, or researchers to whether they have been allocated to the intervention or placebo group. The consumption of kefir as a supplement to diet, overcomes some of these difficulties as neither participants or researchers will be aware of group-allocation, which is critical to minimise expectation bias. Conducting the study could have a practical impact, as the intervention would be very easy to implement in the real-world. Kefir is readily available from many supermarkets and online suppliers and its consumption does not require direction from a specialist practitioner. It could be made more cost effective by individuals making their own kefir, which is simple, low-cost and does not require any specialist equipment or skills [71].

To conclude, this study will advance our understanding of any potential impact of kefir on ADHD symptoms in children. It will also allow exploration of a potential mechanism by which kefir may exert an effect on behaviour by exploring microbiota changes as a result of the intervention. This study has the potential to provide evidence for the use of kefir as a cost-effective, easily implemented dietary intervention, adjunct to standard care, for children diagnosed with ADHD. 
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