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Abstract 

Background: Dietary interventions have been previously explored in children with ADHD. Elimination diets and 
supplementation can produce beneficial behaviour changes, but little is known about the mechanisms mediating 
change. We propose that these interventions may work, in part, by causing changes in the gut microbiota. A microbi‑
ome‑targeted dietary intervention was developed, and its feasibility assessed.

Methods: A non‑randomised feasibility study was conducted on nine non‑medicated children with ADHD, aged 
8–13 years (mean 10.39 years), using a prospective one‑group pre‑test/post‑test design. Participants were recruited 
from ADHD support groups in London and took part in the 6‑week microbiome‑targeted dietary intervention, which 
was specifically designed to impact the composition of gut bacteria. Children were assessed pre‑ and post‑interven‑
tion on measures of ADHD symptomatology, cognition, sleep, gut function and stool‑sample microbiome analysis. 
The primary aim was to assess the study completion rate, with secondary aims assessing adherence, adverse events 
(aiming for no severe and minimal), acceptability and suitability of outcome measures.

Results: Recruitment proved to be challenging and despite targeting 230 participants directly through support 
groups, and many more through social media, nine families (of the planned 10) signed up for the trial. The completion 
rate for the study was excellent at 100%. Exploration of secondary aims revealed that (1) adherence to each aspect 
of the dietary protocol was very good; (2) two mild adverse events were reported; (3) parents rated the treatment as 
having good acceptability; (4) data collection and outcome measures were broadly feasible for use in an RCT with a 
few suggestions recommended; (5) descriptive data for outcome measures is presented and suggests that further 
exploration of gut microbiota, ADHD symptoms and sleep would be helpful in future research.

Conclusions: This study provides preliminary evidence for the feasibility of a microbiome‑targeted dietary interven‑
tion in children with ADHD. Recruitment was challenging, but the diet itself was well‑tolerated and adherence was 
very good. Families wishing to trial this diet may find it an acceptable intervention. However, recruitment, even for this 
small pilot study, was challenging. Because of the difficulty experienced recruiting participants, future randomised 
controlled trials may wish to adopt a simpler dietary approach which requires less parental time and engagement, in 
order to recruit the number of participants required to make meaningful statistical interpretations of efficacy.
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Key messages regarding feasibility

1) What uncertainties existed regarding the feasibility?

Would we be able to recruit families to be involved in 
the study? Would participants be able to complete the 
6-week dietary intervention? What would adherence 
rates be to each aspect of the dietary protocol? Would 
there be any adverse events? Would the treatment be 
acceptable to parents? Would data collection and out-
come measures be appropriate for use in an RCT?

2) What are the key feasibility findings?

The diet itself was a feasible intervention for those 
who took part. The completion rate was 100%, with good 
levels of adherence and acceptability. Two mild adverse 
events were reported. The intervention had high levels 
of acceptability, adherence and completion. However, 
recruitment was very challenging meaning running an 
adequately powered RCT using this exact protocol is 
probably unfeasible.

3) What are the implications of the feasibility findings 
for the design of the main study?

Outcome measures were evaluated for their use in 
a larger trial and some recommendations suggested. 
Recruitment was challenging and it is suggested that a 
future larger-scale study may benefit from using a dietary 
intervention that requires less parental time and input, in 
order to recruit an adequate number of participants.

Background
Attention-deficit/hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder, defined by its behav-
ioural symptoms of impulsivity, hyperactivity and 
inattention [1]. Prevalence rates are estimated to be 
rising with global, community prevalence in children 
estimated to be around 5% [2]. The main therapeu-
tic options for children with ADHD are behavioural 
therapy, parent training and medication. Accord-
ing to some estimates, around two-thirds of children 
diagnosed with ADHD in the USA are on medication 
for their condition [3, 4], with prescriptions of Ritalin 

(Methylphenidate) increasing considerably over recent 
decades [5]. However, Methylphenidate does not always 
result in substantial symptom reduction and does not 
appear to reduce school drop-out rates or unemploy-
ment [6]. Furthermore, a number of debilitating side 
effects (such as anxiety, stomach ache, nausea, head-
aches and sleep problems) are experienced by a sig-
nificant proportion of children taking Methylphenidate 
[7]. These, coupled with the long-term effects of stimu-
lants on growth [8], have led parents to seek alternative 
treatments for their children that may have fewer side 
effects [9].

Parents keen to investigate non-pharmaceutical treat-
ments are often drawn to considering dietary interven-
tions. The main dietary interventions that have been 
explored in ADHD can be grouped into three broad cat-
egories: exclusion of food additives; essential fatty acid 
supplementation; and elimination diets. Stimulated by 
the early theoretical ideas of Feingold [10], numerous, 
predominantly small-scale, studies have explored the 
efficacy of excluding food additives, artificial colourings 
and flavourings, from the diet of children with ADHD 
[11, 12]. Meta-analyses report a significant, though mod-
est, benefit of the exclusion of food additives on symp-
toms of ADHD [13, 14] although the results do not 
always remain significant when corrected for publication 
bias [13]. There has been widespread interest regarding 
the potential benefits of omega-3 polyunsaturated fatty 
acids (PUFAs) supplementation for individuals diagnosed 
with ADHD. Recent reviews suggest that approximately 
50% of studies demonstrate a beneficial effect of PUFAs 
on ADHD symptoms with evidence overall remaining 
inconclusive [15, 16]. The Few Foods Diet is an elimina-
tion diet which excludes many commonly eaten foods, 
including those most likely to provoke sensitivities (such 
as gluten, dairy and citrus fruits). The ‘Few Foods Diet’ 
(sometimes referred to as an oligoantigenic diet) includes 
a highly restricted number of permitted foods (for exam-
ple a diet that focuses exclusively on lamb, chicken, pota-
toes, rice, banana, apple and brassica) [17]. This diet can 
be highly effective at reducing symptoms in children with 
ADHD [17–20], evidenced by considerably larger effect 
sizes than alternative dietary treatments [16]. However, 
little is understood about the mechanisms underlying its 
success and its highly restrictive nature means it is rela-
tively difficult to implement and adhere to.

Trial registration: Clini calTr ials. gov Identifier: NCT03 737877. Registered 13 November 2018—retrospectively regis‑
tered, within 2 days of the first participant being recruited.

Keywords: Actigraphy, Attention‑deficit hyperactivity disorder, ADHD, Children, Diet, Feasibility study, Kefir, 
Microbiome, Microbiota, Sleep
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Knowledge of the mechanisms by which these differ-
ent dietary interventions may operate has not been fully 
established. We suggest that one means by which they 
may exert a behavioural change in children with ADHD 
is by manipulating the diversity and species of microor-
ganisms residing within the gut. Ample evidence from 
both human and animal studies describes the impact 
of dietary interventions on the idiosyncrasies of the gut 
microbiota, the tens of trillions of microorganisms [21, 
22] that inhabit our gastrointestinal system [23, 24]. 
Every unique community of microorganisms interacts 
with their human host through immune, neuroendocrine 
and neural pathways [25].

Research has shown that gut microbiota can have a pro-
found impact on health [26–28], including mental health 
[29–32], potentially via its role in the gut-brain axis. The 
microbiome and the gut-brain axis have been implicated 
to play a role in many of the symptoms and characteris-
tics which are commonly observed in individuals with 
ADHD, including anomalies with cognition [33–36], 
emotion [37, 38], anxiety [39] and sleep [40]. In addition, 
a number of risk factors associated with an increased 
prevalence in ADHD, including being born by cesarean 
[41], a lack of breastfeeding [42, 43] and maternal stress 
[44], are known to have a negative impact on the estab-
lishment of a healthy microbiome [45, 46]. The health of 
the microbiome has not been fully explored in children 
with ADHD, but there is some preliminary evidence to 
suggest that there may be some differences in the species 
of bacteria present in comparison to individuals with-
out ADHD [47, 48], although the results are variable and 
the picture still rather unclear [49]. There are numerous 
plausible mechanisms for the way in which gut bacte-
ria may influence the behavioural symptoms of children 
with ADHD. Microbiota have been reported to influence 
inflammation, the production of hormones (including the 
stress hormone, cortisol), neurotransmitters (such as ser-
otonin) together with the development and function of 
brain structures such as the amygdala, prefrontal cortex 
and hippocampus, all of which could plausibly play a role 
in the development of ADHD [50–54].

Research has shown that gut bacteria can be manipu-
lated in a matter of days by alterations to diet [55–
57]. Therefore, the dietary interventions previously 
researched in ADHD may have exerted their effect, in 
part, by producing alterations in the microbiota. Look-
ing specifically at the type of dietary interventions that 
have been trialled in children with ADHD, the con-
sumption of artificial food additives has been linked to 
various shifts in microbiome communities [58, 59] with 
increasing evidence to suggest that artificial sweeten-
ers and food additives may be linked to dysbiosis [59, 
60]. Along with the role Omega 3 PUFAs have a role in 

decreasing inflammation [61] they can also be considered 
to be a type of prebiotic [62] and may exert a positive 
influence on the composition of the gut microbiota and 
consequently the gut-brain axis [62–64]. Finally, adopt-
ing a Few Foods diet would likely have a marked impact 
on microbiota composition; however, this is yet to be 
explored. The consumption of ultra-processed foods and 
high sugar diets have been linked to the proliferation of 
microbes that promote inflammatory disease [65, 66] 
and thus the removal of these foods may enhance the gut 
microbiota.

Whilst the dietary interventions explored in ADHD 
have the potential to improve the composition of the 
microbiota, to the best of our knowledge, none explic-
itly state that they were designed with this goal in mind. 
Diet can have a profound influence on the composition 
of gut bacteria and numerous studies attest to the poten-
tial benefit of specific microbiota targeted dietary inter-
ventions. Diets containing a rich diversity of plant fibre 
and polyphenols, provide fuel for the commensal bacte-
ria in the gut and may also increase microbial diversity 
[67, 68] with the greater number of plant varieties con-
sumed associated with greater microbial diversity [69]. 
Time-restricted eating can also enhance the diversity of 
the gut microbiome [70–72] and consuming fermented 
food, rich in probiotics, such as kefir, can produce an 
increase in beneficial gut bacteria such as Lactobacillus 
[73]. Nutritional education focusing on improving gut 
microbiota composition has been found to be associated 
with increased microbial diversity and improvements in 
physical and mental health in adult women [74]. Such an 
approach has not been trailed in ADHD but preliminary 
research trialling probiotics in this population suggests 
a potential benefit of microbiome targeted interventions 
[75, 76].

In this study, we propose a dietary intervention devel-
oped specifically for the purpose of targeting the gut 
microbiota and improving the microbial balance. From 
a behaviour change perspective, individuals typically 
find it easier to introduce new behaviours into their daily 
lives than they do to remove existing behaviours: hab-
its become rather automatic, meaning breaking existing 
habits is more effortful and difficult than establishing 
new habits [77, 78]. This may be especially true for chil-
dren with ADHD for whom difficulties with impulse con-
trol and behavioural inhibition are core symptoms of the 
disorder [79]. The dietary approach devised for the cur-
rent study therefore centres largely on the introduction 
of positive changes in dietary behaviours, rather than the 
direct removal of existing behaviours.

The aim of this study was to assess the feasibility of the 
dietary intervention in order to support the development 
of a future randomised controlled trial (RCT). The study 
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is reported in adherence to the CONSORT extension to 
pilot and feasibility studies [80, 81], and as such, there 
was no formal hypothesis testing using inferential statis-
tics on the outcome measures [82]. The primary aim of 
the current study was to assess the feasibility of the die-
tary intervention in terms of the proportion of those who 
completed the dietary intervention. There were a number 
of secondary aims: (1) to assess percentage adherence 
to each aspect of the dietary protocol, (2) to record any 
adverse events, (3) to assess parent-rated acceptability 
of the treatment, (4) to evaluate data collection and out-
come measures to assess their feasibility for use in an 
RCT, and (5) to explore the change in outcome measures 
for preliminary evidence of potential effects.

Materials and methods
Study design
This was a 6-week pilot feasibility study to assess the 
safety, tolerability, and compliance of a dietary inter-
vention for children with ADHD. The feasibility study 
used a single-arm, pre-test/post-test design. This design 
was well suited to our study, which was investigating a 
new and innovative dietary intervention for which little 
information existed on the feasibility of the programme 
and the ability to carry out a large-scale trial. This 
trial was registered with Clini calTr ials. gov (Identifier: 
NCT03737877). Primary and secondary outcomes were 
measured through information collected throughout 
and at completion (week six) of the dietary intervention. 
Ethical approval for the study was granted by St Mary’s 
University Ethics Committee (SMEC_2017-18_132) and 
parents and children were provided with full written 
information about the study before written consent and 
assent were obtained. Participants completed baseline 
assessments at Time 1, prior to commencing the dietary 
intervention, and at Time 2, during week 6 of the diet.

Participants
Inclusion and exclusion criteria
Children were eligible to take part in the study if they had 
received a diagnosis of ADHD by a specialist qualified 
healthcare professional and were aged between 8 years 
and 13 years at the onset of study. The lower limit was 
set at 8 years, as this is the youngest age at which self-
report data can be gathered using the Conners Compre-
hensive Behavior Rating Scales [83] to measure ADHD 
symptomatology. An upper limit was set at 13 years as 
it was thought that parents would have less control of 
their child’s diet above this age which may impact adher-
ence. Parental commitment to attending group sessions 
was also required. Males and females, children with co-
occurring diagnoses and those with food allergies or sen-
sitivities could take part in the study. Comorbidity is an 

epidemiological reality for many children with ADHD 
[84], and therefore, including such children allows us to 
represent the reality of an ADHD diagnosis. We were 
also primarily concerned about assessing the feasibility of 
following the diet rather than outcome measures.

Participants were not eligible to take part if they (1) 
were currently taking ADHD medication (such as Meth-
ylphenidate); (2) were currently undergoing a course of 
behavioural therapy; and (3) had taken antibiotics in the 
past 3 months. Group sessions and data collection took 
place at a clinical setting in London, UK.

Sample recruitment
Participants were recruited through convenience sam-
pling via information and flyers distributed by ADHD 
support groups in London, online support groups and 
social media. The intention was to include the first 10 
participants who were interested in taking part and eli-
gible to do so. It was deemed to be important, from an 
ethical perspective, that this diet was trialled on a small 
number of participants to assess feasibility before a 
larger-scale RCT was conducted.

Sample size
The first nine participants who were interested in the 
study and eligible to take part (6 male; 3 female) were 
enrolled in the study. Participants ranged from 8 to 13 
years at the commencement of the trial, with a mean age 
of 10.39 years (SD 1.67).

Dietary intervention
With guidance from a Registered Nutritional Therapist, 
we developed a microbiome-targeted dietary interven-
tion specifically for this study. This is based on five action 
points which are described in Table 1 and were followed 
by participants for 6 weeks.

Parents attended four group sessions to receive infor-
mation about the diet and on-going support and to 
provide data about their children: a 2-h session before 
commencing the diet; a 1-h session at the end of weeks 
two and four and a 2-h session at the end of week six. The 
sessions were delivered by a practising registered nutri-
tional therapist, at a medical centre in London. At ses-
sions one and two, 24-h retrospective dietary recalls were 
recorded and discussed to allow the nutritional therapist 
to tailor advice to the needs of the participants. Partici-
pants were provided with information about the dietary 
principles, including general recipe ideas to apply these 
five principles and given food demonstrations and sam-
ple tastings. Individualised recommendations were made 
depending on children’s specific needs, e.g. food intoler-
ances, reluctance to try new foods etc. Ongoing support 

http://clinicaltrials.gov
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was provided throughout the study by use of a closed 
WhatsApp group and via email contact.

Kefir drinks were distributed to participants every 2 
weeks throughout the 6-week study. Participants were 
asked to consume 125 ml of kefir every day for the dura-
tion of the study, which could be taken on its own, with 
food or combined into a smoothie. Nourish Kefir supplied 
organic cow’s milk kefir for the study free of charge. The 
kefir is estimated to contain approximately 50 billion live 
microorganisms in a 125-ml serving. Species of micro-
organisms vary due to fermentation but typically include 
Leuconostoc, Lactococcus, Lactobacillus, Bifidobacterium, 
Saccharomyces cerevisae and the exopolysaccharide 
kefiran.

One child, who was unable to tolerate dairy, was pro-
vided with a coconut kefir drink. Life shot 100 billion high 
potency coconut kefir (40 ml) was mixed with Coconut 
kefir Mango & Passion (125 ml), prepared by Rhythm 
Health’s vegan water kefir cultures, containing a mixed 
culture of lactic acid bacteria including Lactobacillus aci-
dophilus, Lactobacillus paracasei, Lactobacillus rhamno-
sus, Bifidobacterium and Saccharomyces cerevisiae. The 
product was supplied at a reduced cost for the trial by 
Rhythm Health. This dairy-free alternative had a bacterial 
count of an estimated 50 billion live bacteria per day.

Assessments
Primary outcome
The primary outcome measure was the completion of the 
study, measured as the number of participants who com-
pleted the trial.

Adherence to diet
Adherence to diet was measured through parental com-
pletion of a daily paper diary indicating the aspects of the 
diet that their child complied with. This was measured 

as percentage adherence to each of the five aspects of 
the diet over the 6-week period. The potential range was 
0–100%, with a higher score reflecting a greater degree 
of adherence. Perceived ease and difficulty of adherence 
to each aspect of the diet was also assessed via an end 
of study online questionnaire distributed through Jisc 
Online Surveys (Jisc, Bristol, UK). Parents were asked to 
indicate how easy/difficult was to adhere to each aspect 
of the diet measured on a 5-point Likert scale from 1= 
very easy to 5=very difficult.

Adverse events
Adverse events were recorded according to the Com-
mon Terminology Criteria for Adverse Events [92] and 
European Commission guidelines [93] throughout the 
duration of the study. Parents were asked to report any 
adverse events immediately to the researchers and were 
additionally prompted at each session to recall any 
adverse events.

Treatment acceptability scale
Parents completed a short Treatment Acceptability 
Scale [94] which consisted of six questions which were 
responded to on a 7 point Likert scale from 1 to 7. Items 
include, ‘how effective do you think this treatment might 
be?’ Item 4 ‘How likely do you think it is that the treat-
ment may have negative side effects?’ was reverse-scored. 
One question of the scale was adapted to take into 
account the treatment being proposed by a ‘nutritional 
therapist’ rather than a ‘psychologist’. Scores from all 
items were summed to produce a total acceptability score 
(with a potential range of 6–42). A higher score indicates 
a greater degree of perceived acceptability. The scale has 
been reported to have acceptable internal consistency 
(with a Cronbach’s alpha of .81) and very high test-retest 
reliability (r=.78) [94].

Table 1 Dietary intervention

Action point Evidence for change in microbiome

1. Eat at least seven servings of different plants each day Vegetables, 
fruits, pulses, beans, herbs, spices, seeds and nuts are all counted as 
plants.

Vegetable fibre stimulates gut bacteria [67, 85, 86].
30+ different plant types/week increases microbial diversity [69].

2. Eat food within a 12-h window each day Time‑restricted eating enhances diversity of the gut microbiome [70–72].

3. Consume 125 ml Kefir drink each day Daily kefir for 4 weeks increases Lactobacillus in gut [73].

4. Eat a microbiome-friendly, protein-rich breakfast from a pre-
scribed menu
A sample breakfast menu was provided (see additional file 1). Inclusion 
of protein and prebiotic fibre in the form of nuts, seeds, vegetables and 
fruit.

Protein increases satiety [87, 88].
Prebiotic fibre promotes growth of beneficial gut bacteria [67, 85, 86].

5. Reduce consumption of added sugar and artificial sweeteners Low fibre/high sugar diets associated with lower diversity of gut bacteria [89, 
90].
Artificial sweeteners decrease beneficial microbes [60, 91].
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End of study questionnaire
In order to assess parents’ experiences with, and opin-
ions of, the dietary intervention, parents were asked to 
complete a short end-of-study questionnaire. The sur-
vey consisted of nine questions exploring parents’ per-
ceived changes in children’s behaviour, mood, sleep and 
gut function (e.g. ‘Have you seen any positive/negative 
changes in your child’s behaviour during the course of the 
study?’) and cost implications of the study (e.g. ‘Did tak-
ing part in the study have any cost implications for your 
family?). Options to choose from included ‘yes’, ‘no’, ‘not 
sure’ and a space for additional comments was also pro-
vided. Responses to items were considered to inform the 
evaluation of the study and the development of the RCT.

Additional outcome measures assessed Time 1 and Time 2
Additional assessments (shown in Table  2) were con-
ducted at Time 1 and Time 2 to assess the feasibility of 
data collection and outcome measurements for the main 
RCT.

Analytical methods
Participant characteristics and outcomes were summa-
rised using descriptive statistics: mean (standard devia-
tion) for continuous variables and number (percent) for 

categorical variables. Analysis of feasibility outcomes was 
based on descriptive statistics. With the small number of 
participants in this feasibility study, there was no formal 
hypothesis related to efficacy and no inferential statistics 
were used on the data obtained, as per best practice [82].

Results
Recruitment and participants
The study was advertised to 230 families through two 
London based child ADHD support groups. Two follow-
up emails were sent and information about the study was 
also shared on Twitter, gaining a total of 15,289 impres-
sions. Sixteen families expressed interest in the study. 
Two participants were excluded for taking medication, 
one was excluded for being outside the age range, one 
was excluded because the timing of the study did not 
work and a further three failed to respond to further 
contact. The first nine who were eligible to take part 
were enrolled onto the study (6 male; 3 female) between 
November 2018 and May 2019. Participants ranged from 
8 to 13 years at the commencement of the trial, with a 
mean age of 10.39 years (SD 1.67). All children had a pre-
vious clinical diagnosis of ADHD according to DSM-V 
criteria (1). One child had to take a course of antibiot-
ics after enrolment onto the study and was permitted 

Table 2 Outcome measures assessed for feasibility for RCT 

Outcome Instrument Methodological detail

ADHD Symptomatology Conners Clinical Index (CI) from the Conners Compre‑
hensive Behavior Rating Scales [83].
(1) Parent report
(2) Teacher report
(3) Self‑report

25 items
5 min to complete
Higher T‑score reflects greater symptomatology

Short-term visual working memory Delayed Match to Sample test ‑ Cambridge Neuropsy‑
chological Test Automated Battery (CANTAB) [95].

15 min to complete
Percent accuracy and mean reaction time for correct 
trials calculated.

Sleep (objective) Actigraphy measure of sleep duration and quality. 
Children wore a ‘Motionlogger Micro watch’ (Ambula‑
tory Monitoring, Inc., Ardsley, NY) on non‑dominant 
wrist.

Seven consecutive days.
(1) Mean activity during sleep
(2) Minutes spent awake during the down period
(3) Sleep latency
(4) Sleep efficiency
(5) Wake after sleep onset
(6) Sleep fragmentation

Sleep (subjective) (1) The Consensus Sleep Diary [96].
(2) Parent perceptions of sleep. Child’s Sleep Habits 
Questionnaire ‑ Abbreviated (CSHQ‑A) [97].
(3) Sleep Self‑report (SSR) Questionnaire [98].

(1) Seven consecutive days.
Used to detect and remove artefacts in the actigraphy 
data.
(2) 22 items
High score indicates more disordered sleep
(3) 26 items (23 scored) High score indicates more 
disordered sleep

Gastrointestinal symptoms The Gastrointestinal Symptom Rating Scale (GSRS) 
[99]— interview with child.

15 items
Higher scores indicate more severe symptoms.

Microbiome analysis 16s rRNA stool analysis using the Omnigene Gut 
OM‑200 kit [100, 101] by Atlas Biomed [102].
Raw data analysed using the Deblur algorithm [103].

Read counts of microbial species, genera, and families 
calculated.
Estimation of alpha‑diversity used Shannon [104] 
diversity metrics.
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to continue with the trial, given that the primary aim of 
this trial was to assess feasibility. This child was excluded 
from the microbiome analysis.

Primary outcome
The primary outcome measure was completion of the 
study, measured as the number of participants who com-
pleted the trial. All nine participants (100%) completed 
the study as shown in Fig.  1. Two participants (22%) 
missed one task (a Conners CI teacher questionnaire and 
the end of study stool sample respectively). There was a 
small amount of Time 2 actigraphy data lost for one par-
ticipant due to watch strap breakage. One stool sample 
was not returned at Time 2 and one additional partici-
pant was excluded from the microbiome analysis because 
they had to take a course of antibiotics during the inter-
vention—the microbiome analysis was conducted on 
seven participants. Attendance at sessions was 100% for 
all except one participant, who attended two out of the 
four sessions and was provided with the information 
from these sessions through telephone consultations and 
emails. Data were analysed from all participants (except 
in the above instances). Demographic and clinical char-
acteristics of the participants, at baseline, are shown in 
Table 3.

It was difficult to recruit participants for the study. 
Although we cannot know for certain why the uptake 
for the study was low, parents who took part in the trial 
indicated informally that other families they knew with 
a child with ADHD thought a major dietary intervention 
would be too difficult for the family to undertake and 
something they did not have the skills or time to imple-
ment or that their child was a very fussy eater which 
would make participation difficult.

Adherence to each aspect of the dietary protocol
All participants provided completed food diaries at the 
relevant time points in the study. Parental report of die-
tary adherence to each aspect of the dietary protocol was 
analysed. A score of 0–100% was calculated for each par-
ticipant to reflect their compliance with each of the five 
aspects of the diet, which was reported for each of the 42 
days during the 6-week trial. Mean adherence, across all 
participants, is shown in Fig.  2. Perceived ease and dif-
ficulty of adherence to dietary requirements is shown in 
Table 4 and is broadly consistent with the actual adher-
ence rates.

Adverse events
Two participants reported a mild (grade 1) adverse event 
during the intervention. One participant experienced a 
single episode of vomiting in week two of the interven-
tion and another participant experienced a single episode 

Fig. 1 Flow of participants through the study
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of vomiting in week five of the intervention. The cause for 
both of these events was unknown. It was not perceived 
by the parents as related to the dietary changes in the 
study. One event was on the same day as a vaccination 
and the other during a period of suspected heat-stroke. 
Both participants continued with the intervention with 
no further adverse events. No other adverse events were 
reported during the course of the intervention.

Parent-rated acceptability of the treatment
Mean treatment acceptability score for the adapted Treat-
ment Acceptability Scale was 38.22 (SD = 3.49, minimum 
= 30, maximum = 42). The range for this questionnaire is 

6–42, with a higher score indicating greater acceptability. 
Results indicated that parents rated the treatment closer 
to the ‘very acceptable’ endpoint of the dimension, than 
to the ‘very unacceptable’ endpoint, indicating a very 
good level of acceptability of the treatment.

Parents’ perceptions of changes during the intervention
Parents’ perceived positive changes in children’s behav-
iour, mood and gut function are shown in Table  5. In 
terms of sleep, two parents reported improvements in 
sleep and three parents reported that children had good 
sleep habits prior to starting the intervention. Some par-
ents also noted negative changes in behaviour, mood and 
sleep—with some noting positive and negative changes 
within the same category. Parents reported a positive 
impact of the intervention on gut function (i.e. more fre-
quent bowel movements, less constipation, less wind and 
improved stool consistency) with only one parent report-
ing a potentially negative outcome (i.e. flatulence). The 
majority of the parents perceived that the study had cost 
implications.

Table 3 Baseline demographic and clinical characteristics

Characteristic Number Mean (SD)

Age (years) 10.39 (1.67)

Sex (female) 3 (33.3%)

Co‑morbid diagnosis of Autistic 
Spectrum Disorder

1 (11%)

Fig. 2 Participants’ adherence to the protocol. Error bars represent 95% confidence intervals. Percentage adherence refers to the proportion of days 
they complied—i.e. 41 out of 42 days (97.62%)

Table 4 Perceived ease of adherence to each aspect of the dietary protocol

Ease of adherence Adherence to 7+ 
portions of plants

Adherence to 12 
h overnight fast

Adherence to daily 
kefir consumption

Adherence to microbiome 
friendly, protein-rich 
breakfast

Adherence to avoiding 
sugar and artificial 
sweeteners

Very easy 6 (66.67%) 5 (55.56%) 6 (66.67%) 5 (55.56%) 0

Somewhat easy 1 (11.11%) 0 2 (22.22%) 3 (33.33%) 4 (44.44%)

Neither easy or difficult 0 1 (11.11%) 0 0 1 (11.11%)

Somewhat difficult 2 (22.22%) 3 (33.33%) 1 (11.11%) 1 (11.11%) 4 (44.44%)

Very difficult 0 0 0 0 0
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Descriptive statistics for outcome variables
The study is reported in adherence to the CONSORT 
extension to pilot and feasibility studies [80, 81], and as 
such, it is inappropriate to conduct inferential statistics 
on the outcome measures [82]. Descriptive data were 
explored for changes in outcome measures for prelimi-
nary evidence of potential effects and to guide the selec-
tion of primary outcomes for the RCT. Table  6 shows 
the values for the outcome measures at baseline (Time 
1) and at the study endpoint (Time 2 ). The purpose of 
this study was not to explore efficacy. However, some of 
the outcome variables showed a tendency for a change 
in the direction of improvement in outcomes, includ-
ing parent and teacher-reported ADHD symptoms and 

all actigraphy measures of sleep quality. There was no 
tendency for improvement on the computerised test of 
cognitive function, questionnaire measures of sleep or 
gastrointestinal symptoms.

Discussion
The aim of this study was to assess the feasibility of a 
novel microbiome-targeted dietary intervention in order 
to support the development of a future RCT. The study 
encountered recruitment challenges and it was difficult 
to find medication-free children whose families were 
willing to take on the dietary changes. However, for those 
who took part, the dietary intervention was acceptable, 
feasible, and well-tolerated in children with ADHD. All 

Table 5 Perceived positive (+) and negative (−) changes in behaviour, mood, sleep, gut function and cost implications following the 
dietary  interventiona

a Parents were asked to respond about both positive and negative changes in behaviour, mood, sleep, and gut function, eliciting 18 responses for each of these areas
b For cost implications, parents were just asked one question and requested to expand on their answer in a free text box. Eight parents gave a written response and all 
indicated that they spent more on food (during the intervention) than they would usually

Behaviour Mood Sleep Gut function Cost implications b

(+) (−) (+) (−) (+) (−) (+) (−)

Yes 5 (55.56%) 4 (44.44%) 5 (55.56%) 3 (33.33%) 2 (22.22%) 2 (22.22%) 5 (55.56%) 1 (11.11%) 8 (88.89%)

No 1 (11.11%) 5 (55.56%) 1 (11.11%) 6 (66.67%) 3 (33.33%) 7 (77.78%) 1 (11.11%) 8 (88.89%) 1 (11.11%)

Not sure 3 (33.33%) 0 3 (33.33%) 0 4 (44.44%) 0 3 (33.33%) 0 0

Table 6 Baseline (Time 1) and endpoint (Time 2) descriptive statistics for outcome variables

a For these variables, a decrease reflects an improvement in symptoms
b For these variables, an increase reflects an improvement in symptoms
c For these variables, there was no set expectation with regard to direction for improvement

Variable Time 1
Mean (SD)

Time 2
Mean (SD)

Score difference 
(Time 2–Time 1)
Mean (SD)

95% CI for mean 
score difference

ADHD T‑score – Parent report 81.11 (9.17) 77.78 (10.11) − 3.33 (7.33) a − 8.97–2.30

ADHD T‑score – Self report 67.89 (13.11) 67.00 (15.87) −.89 (8.10) a − 7.12–5.34

ADHD T‑score – Teacher report 74.50 (12.95) 70.75 (14.26) − 3.75 (11.56) a − 13.41–5.91

Delayed Match to Sample accuracy 81.11 (14.53) 77.22 (14.60) − 3.89 (20.73) b − 19.83–12.05

Delayed match to sample reaction time (ms) 4434.63 (1346.43) 4452.36 (1483.63) 17.73 (1114.71) a − 839.11–874.57

Actigraphy – Sleep duration 601.13 (44.27) 577.57 (53.13) − 23.56 (52.07) c − 63.58–16.47

Actigraphy – Mean activity during sleep 19.52 (5.66) 18.72 (6.40) −.80 (3.32) a − 3.35–1.75

Actigraphy – Min spent awake during down period 116.34 (56.78) 100.62 (59.74) − 15.72 (26.82) a − 36.34–4.90

Actigraphy – Sleep efficiency (%) 84.92 (7.89) 86.40 (8.65) 1.48 (3.76) b − 1.41–4.37

Actigraphy – Sleep onset latency 14.04 (5.83) 13.38 (6.74) −.66 (4.13) a − 3.83–2.52

Actigraphy – Min awake after sleep onset 87.17 (49.60) 78.44 (55.28) − 8.73 (21.36) a − 25.15–7.70

Actigraphy – Sleep fragmentation index 6.01 (2.24) 5.83 (1.98) −.17 (1.79) a − 1.55–1.20

Actigraphy – Daytime activity 242.44 (23.45) 251.93 (18.28) 9.49 (12.98) c −.49–19.46

Child Sleep Habits (CSHQ‑A) (parent‑report) 44.11 (7.83) 44.44 (10.81) .33 (7.70) a − 5.58–6.25

Sleep self‑report (SSR) 36.67 (6.67) 37.56 (6.21) .89 (3.76) a − 2.00–3.78

Gastrointestinal symptoms (GSRS) 1.44 (.51) 1.50 (.58) .06 (.50) a −.33–.44

Alpha diversity (H) 5.64 (0.63) 5.77 (0.48) .13 c − 0.73–0.98
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participants who enrolled in the study completed the 
6-week dietary intervention and assessments, with only 
one participant failing to return a stool sample at the 
end of the intervention, and one participant missing a 
CI teacher report at Time 2. Adherence to the different 
aspects of the dietary protocol was very high.

Adherence to daily kefir and the microbiome friendly 
protein-rich breakfast were both high at 97.6%, with 
100% adherence for more than half of the participants. 
Over 90% adherence was achieved for the consumption 
of seven or more plants per day and over 80% adher-
ence was achieved for the 12-h overnight fast. The low-
est adherence was for the avoidance of added sugar and 
artificial sweeteners, at just over 60%. These results were 
echoed in the ease of adherence feedback provided by 
the parents. Parents suggested that for the avoidance of 
sugar, social situations such as parties and school events 
were problematic. One parent reported that this was, 
‘easy during the week when [s/he] was with me and eat-
ing at home but difficult at weekends when socialising 
with other children, especially at parties’. Further feed-
back provided in the end of study questionnaire and that 
came out during discussions with parents was that there 
were sugary snacks, sweets and cakes provided as treats 
at school for special occasions, other children’s birthdays, 
end of term parties etc., which made complete exclusion 
very difficult. Based on this feedback, the complete exclu-
sion of sugar for a research trial in this age group could 
be very difficult to adhere to and future research should 
take this into consideration.

There were two isolated grade 1, mild, adverse events 
reported during the course of the dietary intervention. 
These were both single episodes of vomiting (in differ-
ent participants). There was no reason to think that these 
adverse events were precipitated by the diet, although 
this cannot be ruled out. Both participants continued 
with the diet with no further adverse events reported for 
them or any of the other participants. One of the most 
widely used treatments for children with ADHD is medi-
cation, such as Ritalin (Methylphenidate). However, tol-
erability of such medication has proven to be an issue, 
with significant dropout rates reported [105]. The lack of 
severe or frequent adverse events reported for this diet, 
together with a zero-dropout rate in this small sample, 
suggest it is a safe and tolerable intervention to be further 
explored in children with ADHD.

Parents rated the diet as being an acceptable treat-
ment using the Hunsley Treatment Acceptability Scale 
[94], with a mean acceptability score of 38.22 which was 
towards the upper endpoint of the scale (theoretical 
range 6–42). This suggests a very good degree of accept-
ability; there are no set points of reference for this scale 
but a previous study using this scale has reported a 

score of 33.61 as reflecting high acceptability [106]. For 
an intervention to have a good chance of being adopted 
within the ADHD population it is important that it is 
considered to be rated highly in terms of acceptabil-
ity. Previous research has suggested that Ritalin is rated 
lower in comparison to behavioural interventions in 
terms of acceptability as an intervention for ADHD [107]. 
Good levels of perceived acceptability for this dietary 
intervention should be beneficial to recruitment of par-
ticipants for an RCT.

Many families felt that following the diet had both time 
and cost implications. They reported spending more time 
on food preparation and shopping than usual and spend-
ing more money on food than they would normally. The 
exact increase in food cost is not something which was 
formally assessed. A trial implementing a modified Medi-
terranean diet in adults with depressive disorder found 
that those following the diet (which was similar in nature 
to that advised in this study) actually spent less money on 
their weekly shop than those in the control [108]. This 
possible contradiction underscores the need to test eco-
nomic implications formally in future work.

One aim of this feasibility study was to evaluate data 
collection and outcome measures to assess their prac-
ticality for use in an RCT. Parents, teachers and partici-
pants showed an exceptionally high level of compliance 
for all the measures. Parents commented that online 
questionnaires were easier to complete than paper ones 
and should be considered for future studies. Participants 
were all compliant in wearing the ‘Motionlogger Micro 
watch’ to take actigraphy recordings of sleep and all 
were returned at the end of the study. There were three 
breakages of watch straps during the study. This inter-
fered with the data collection and the 7-day period had 
to be re-started for two children and for one child (in 
the post-study recording period) was cut short resulting 
in data loss of 48 h. On this basis, we recommend care-
ful assessment of watch strap durability, and possibly the 
use of Velcro watch straps, when carrying out actigraphy 
research in child participants with ADHD.

The final aim of the research was to explore the change 
in outcome measures for preliminary evidence of poten-
tial effects. Parent and Teacher rated mean ADHD 
T-scores fell within the very elevated score range (>70) 
at both time points, decreasing from Time 1 to Time 2 
whilst self-reported scores for this measure showed 
minimal change. The results are suggestive that this 
outcome may be worth investigating further in a larger 
trial. Short-term visual working memory was found to 
be fairly accurate at both time points and did not appear 
to be sensitive to improvements during the course of the 
study. It may be worth exploring alternative neuropsy-
chological tests, with higher rates of test-retest reliability, 
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for any future studies. The actigraphy measures of sleep 
showed a consistent pattern for small improvements in 
sleep quality, with a reduction in total sleep duration; 
by improving sleep quality it can be consolidated [109]. 
The parent and child sleep questionnaires showed little 
change over the course of the study, with scores show-
ing a marginal increase (worsening of sleep). It has been 
noted previously that conclusions can differ whether 
sleep is measured subjectively or objectively [110] stress-
ing the importance of using different methods to assess 
sleep in this cohort. On this basis, we recommend the use 
of both actigraphy and questionnaire measures of sleep 
for future RCTs.

Gastrointestinal symptoms, were low at both Time 
1 and Time 2. Due to the lack of severe gut symptoms, 
alternative questionnaires, which capture a less extreme 
range of gut symptoms, may be worth exploring for use 
in a future RCT in this population. The initial explora-
tory analysis of the microbiome test results highlighted 
a modest change in the alpha diversity score from Time 
1 to Time 2. Several studies describe low alpha diversity 
as a factor contributing to the pathogenesis of ADHD 
[47, 111, 112] with recently published clinical evidence 
indicating that significantly lower Shannon index alpha 
diversity scores are seen in young ADHD patients com-
pared to healthy controls [48]. Noteworthy observations 
at the family level include changes in Lachnospiraceae, 
Roseburia and Blautia, Bifidobacteriaceae, Sutterella, 
Ruminococcaceae and Bacteroides. These are beyond 
the scope of this article but suggest the importance of 
detailed microbiome exploration in future research. In 
terms of methodology, 16S rRNA sequencing methodol-
ogy was adequately sensitive for detecting variations in 
microbial diversity and composition in this initial pilot 
study. However, many of the microbes were identified 
as ‘unspecified’ members of a particular taxon. Shotgun 
metagenomics, which sequences all genomic DNA from 
a sample [113] and provides greater specificity, may be a 
more appropriate sequencing method for a larger scale 
RCT for its scope to provide a greater level of depth in 
unravelling a mechanistic link between diet and ADHD.

This feasibility study has a number of limitations 
which need to be considered when interpreting the find-
ings. First, the trial was run on a very small number of 
participants who may not be representative of the wider 
ADHD population. Second, the families who took part 
in the trial all appeared to be highly engaged and moti-
vated to adhere to the dietary intervention which was a 
crucial factor in achieving the good adherence rates. Die-
tary interventions require an investment of time, energy 
and will-power from both the child and caregivers and as 
such the family situation and motivational factors could 
have profound implications on the degree to which a 

child is able to comply with the diet. A third limitation 
is that parents and participants were not blinded to the 
condition. As this study was assessing feasibility rather 
than efficacy, this is not a major concern but it may mean 
that demand characteristics are present on the subjective 
measures. Interestingly, where both objective (actigra-
phy) and subjective (questionnaire) measures were used, 
it was the objective measures which showed a more con-
sistent trend for improvement. It may be important to 
consider, for future trials, whether it would be more man-
ageable to focus on one aspect of the diet that had very 
high levels of compliance, such as the inclusion of seven 
or more servings of plants, the microbiome friendly, pro-
tein-rich breakfast or the consumption of kefir. Supple-
mentation with kefir could most easily be paired with a 
well-matched control condition and may be less demand-
ing on families. This could facilitate recruitment, which 
was problematic for this study, and increase the chances 
of running an RCT in a time-efficient manner.

Conclusion
The main aim of performing this feasibility study was 
to pilot several components of the trial prior to the 
development of an RCT. To our knowledge, this study 
provides the first evidence of the feasibility of imple-
menting a microbiome-targeted dietary intervention in 
children with ADHD. Recruitment of participants into 
this trial was challenging, which is an important con-
sideration for planning future studies. The primary aim 
of the current study was to assess what proportion of 
the participants completed the 6-week dietary interven-
tion. A completion rate of 100% suggests that, in highly 
motivated families, following this dietary intervention 
for 6 weeks is achievable and realistic. There were a 
number of secondary aims: (1) Percentage adherence 
to each aspect of the dietary protocol was assessed 
and found to be very good with patterns of adherence 
revealing what aspects of the diet might be easier to 
achieve compliance for in future studies; (2) Two mild 
adverse events were recorded during the course of the 
trial (which were not likely directly related to the inter-
vention), suggesting the diet would be safe to trial on a 
larger population; (3) Parent rated acceptability of the 
treatment was found to be very good indicating that the 
diet is considered to be an acceptable treatment in this 
small group of families; (4) Data collection and out-
come measures were evaluated to assess their feasibility 
for use in an RCT – we propose the use of online ques-
tionnaires and actigraphy watches with Velcro straps 
would be beneficial to implement in future research; (5) 
Although no formal inferential statistics were used for 
efficacy testing in this small sample, many of the out-
come measures showed interesting patterns of results 
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for ADHD symptoms, sleep and gut microbiome. 
Overall, the results support the further exploration of 
a microbiome targeted dietary intervention in children 
with ADHD. This study provides the first evidence of 
the feasibility of implementing a microbiome-targeted 
diet, supplemented with kefir, in children with ADHD. 
Recruitment was challenging and it is suggested that 
a future larger-scale study may benefit from using a 
dietary intervention that requires less parental time 
and input, in order to recruit an adequate number of 
participants. 

Abbreviations
ADHD: Attention‑deficit/hyperactivity disorder; CANTAB: Cambridge Neu‑
ropsychological Test Automated Battery; CI: Clinical Index; CSHQ‑A: Child’s 
Sleep Habits Questionnaire – Abbreviated; GSRS: Gastrointestinal Symptom 
Rating Scale; PUFAs: Polyunsaturated fatty acids; RCT : Randomised controlled 
trial; SSR: Sleep self‑report.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40814‑ 022‑ 01058‑4.

Additional file 1. Sample breakfast menu.

Acknowledgments
Data collection and processing was adeptly assisted by Bilan Assod, Harriet 
Allison Bedford, Amelia Burns, Leah‑Cim Hogben, Shania Lorenz and Bethan 
Morris. The nutritional advice was expertly delivered by a registered nutritional 
therapist, Jeannette Hyde. We thank the health centre and ADHD support 
groups involved for their support in conducting the study. We also thank 
Deborah Carr, Brian Owens and Chantelle Walker for providing support and 
technical information with regard to kefir acquisition and distribution. Finally, 
we especially thank all the participants and their families for their time, which 
was generously and enthusiastically given.

Authors’ contributions
Conceptualization, K.L. and A.M.G.; investigation, K.L., A.M.G., K.M., L.M.; formal 
analysis, K.L., K.M., M.T‑M.; data curation, K.L., M.T‑M.; writing—original draft 
preparation, K.L.; writing—review and editing, K.L., A.M.G., K.M., M.T‑M. and 
L.M.; project administration, K.L.; funding acquisition, K.L. and A.M.G. The 
authors have read and agreed to the published version of the manuscript.

Funding
This research and the APC was supported by a Child Development Fund 
Research Grant from The Waterloo Foundation, (grant number 1961/3248).

Availability of data and materials
The datasets supporting the conclusions of this article are available in the Fig‑
Share repository at https:// doi. org/ 10. 6084/ m9. figsh are. 13991 150 and https:// 
doi. org/ 10. 6084/ m9. figsh are. 14980 116. v1.

Declarations

Ethics approval and consent to participate
Ethical approval for the study was granted by St Mary’s University Ethics Com‑
mittee (SMEC_2017‑18_132) and parents and children were provided with full 
written information about the study before written consent and assent were 
obtained.

Consent for publication
Not applicable.

Competing interests
Nourish Kefir supplied organic cow’s milk kefir for the study free of charge. 
Rhythm Health supplied the coconut kefir at a reduced cost for the study. 
AMG is an advisor for a project sponsored by Johnson’s Baby. She receives 
royalties for two books Nodding Off (Bloomsbury Sigma, 2018) and The Sleepy 
Pebble (Flying Eye, 2019). She is a regular contributor to BBC Focus magazine 
and has contributed to other outlets (such as The Conversation, The Guardian 
and Balance Magazine). She occasionally receives sample products related to 
sleep (e.g. blue light blocking glasses) and has given a paid talk to a business. 
KL previously held a paid role as Research Editor for a food allergy website 
and is an editor for the British Association for Nutrition and Lifestyle Medicine, 
Nutrition Evidence Database. She is occasionally paid, or receives hospital‑
ity, to deliver talks on her research. MT‑M was previously employed by Atlas 
Biomed as Director of Health and Nutrition Research. The funders had no role 
in the design of the study; in the collection, analyses, or interpretation of data; 
in the writing of the manuscript, or in the decision to publish the results.

Author details
1 Department of Psychology & Pedagogic Science, Faculty of Sport, Allied 
Health and Performance Science, St Mary’s University, Twickenham, London, 
UK. 2 Department of Health Sciences, Faculty of Sport, Allied Health and Per‑
formance Science, St Mary’s University, Twickenham, London, UK. 3 School 
of Health and Education, Middlesex University, London, UK. 4 School of Applied 
Science, London South Bank University, London, UK. 5 Department of Psychol‑
ogy, Goldsmiths, University of London, London, UK. 

Received: 14 July 2021   Accepted: 3 May 2022

References
 1. American Psychiatric Association. Diagnostic and statistical manual of 

mental disorders. 5th ed; 2013.
 2. Sayal K, Prasad V, Daley D, Ford TCD. ADHD in children and young peo‑

ple: prevalence, care pathways, and service provision. Lancet Psychiatry. 
2018;5(2):175–86.

 3. Visser SN, Danielson ML, Bitsko RH, Holbrook JR, Kogan MD, Ghandour 
RM, et al. Trends in the parent‑report of health care provider‑diagnosed 
and medicated attention‑deficit/hyperactivity disorder: United States, 
2003–2011. J Am Acad Child Adolesc Psychiatry. 2014;53(1):199–212.

 4. Danielson ML, Bitsko RH, Holbrook JR. HHS Public Access. 
2019;47(2):199–212.

 5. Renoux C, Shin JY, Dell’Aniello S, Fergusson E, Suissa S. Prescribing 
trends of attention‑deficit hyperactivity disorder (ADHD) medications in 
UK primary care, 1995–2015. Br J Clin Pharmacol. 2016;82(3):858–68.

 6. Sibley MH, Pelham WE, Molina BSG, Gnagy EM, Waschbusch A, Biswas A, 
et al. NIH Public Access. J Abnorm Child Psychol. 2012;39(1):21–32.

 7. Lee J, Grizenko N, Bhat V, Sengupta S, Polotskaia A. Relation between 
therapeutic response and side effects induced by methylphenidate as 
observed by parents and teachers of children with ADHD. BMC Psychia‑
try. 2011;11(1):70.

 8. Greenhill LL, Swanson JM, Hechtman L, Waxmonsky J, Arnold LE, 
Molina BSG, et al. Trajectories of Growth Associated With Long‑Term 
Stimulant Medication in the Multimodal Treatment Study of Attention‑
Deficit/Hyperactivity Disorder. J Am Acad Child Adolesc Psychiatry. 
2020;59(8):978–89.

 9. Wang C, Li K, Seo DCGS. Use of complementary and alternative medi‑
cine in children with ADHD: Results from the 2012 and 2017 National 
Health Interview Survey. Complement Ther Med. 2020;49:102352.

 10. Feingold BF. Attention‑deficit hyperactivity disorder, Food additives, 
Hyperkinesis. New York: Random House; 1975.

 11. Kanarek RB. Artificial food dyes and attention deficit hyperactivity 
disorder. Nutr Rev. 2011;69(7):385–91.

 12. Boris M, Mandel FS. Foods and additives are common causes of 
the attention deficit hyperactive disorder in children. Ann Allergy. 
1994;72(5):462–8.

 13. Nigg J, Lewis K, Edinger T, Falk M. Meta‑analysis of attention‑deficit/
hyperactivity disorder or attention‑deficit/hyperactivity disorder symp‑
toms, restriction diet, and synthetic food color additives. J Am Acad 
Child Adolesc Psychiatry. 2012;51(1):86–97.

https://doi.org/10.1186/s40814-022-01058-4
https://doi.org/10.1186/s40814-022-01058-4
https://doi.org/10.6084/m9.figshare.13991150
https://doi.org/10.6084/m9.figshare.14980116.v1
https://doi.org/10.6084/m9.figshare.14980116.v1


Page 13 of 15Lawrence et al. Pilot and Feasibility Studies           (2022) 8:108  

 14. Sonuga‑Barke EJS, Brandeis D, Cortese S, Daley D, Ferrin M, Holtmann 
M, et al. Nonpharmacological interventions for ADHD: systematic 
review and meta‑analyses of randomized controlled trials of dietary 
and psychological treatments. Am J Psychiatry. 2013;170(3):275–89.

 15. Agostoni C, Nobile M, Ciappolino V, Delvecchio G, Tesei A, Turolo S, et al. 
The Role of Omega‑3 Fatty Acids in Developmental Psychopathology: A 
Systematic Review on Early Psychosis, Autism, and ADHD. Int J Mol Sci. 
2017;18(12):2608.

 16. Pelsser LM, Frankena K, Toorman J, Pereira RR. Diet and ADHD, Review‑
ing the Evidence : a systematic review of meta‑analyses of double‑blind 
placebo‑controlled trials evaluating the efficacy of diet interventions 
on the behavior of children with ADHD. PLoS One. 2017;44:1–25.

 17. Benton D. The impact of diet on anti‑social, violent and criminal behav‑
iour. Neurosci Biobehav Rev. 2007;31(5):752–74.

 18. Egger J, Carter CM, Graham PJ, Gumley D, Soothill JF. Controlled trial 
of oligoantigenic treatment in the hyperkinetic syndrome. Lancet 
(London, England). 1985 Mar;1(8428):540–5.

 19. Schmidt MH, Möcks P, Lay B, Eisert HG, Fojkar R, Fritz‑Sigmund D, 
et al. Does oligoantigenic diet influence hyperactive/conduct‑
disordered children‑‑a controlled trial. Eur Child Adolesc Psychiatry. 
1997;6(2):88–95.

 20. Carter CM, Urbanowicz M, Hemsley R, Mantilla L, Strobel S, Graham PJ, 
et al. Effects of a few food diet in attention deficit disorder Behav‑
ioural Sciences MRC Child Psychiatry Unit E Taylor. Arch Dis Child. 
1993;69:564–8.

 21. Backhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon JI. 
Host‑bacterial mutualism in the human intestine. Science (80‑ ). 
2005;307(5717):1915–20.

 22. Backhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva‑Datchary P. 
Dynamics and stabilization of the human gut microbiome during the 
first year of life. Cell Host Microbe. 2015;17:690–703.

 23. Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut microbiota in health and 
disease. Physiol Rev. 2010;90(3):859–904.

 24. Brown EM, Sadarangani M, Finlay BB. The role of the immune system 
in governing host‑microbe interactions in the intestine. Nat Immunol. 
2013;14(7):660–7.

 25. Toribio‑Mateas M. Harnessing the Power of Microbiome Assessment 
Tools as Part of Neuroprotective Nutrition and Lifestyle Medicine Inter‑
ventions. Microorganisms. 2018;6(2):35.

 26. Shreiner AB, Kao JY, Young VB. The gut microbiome in health and in 
disease. Curr Opin Gastroenterol. 2015;31(1):69–75.

 27. Singer‑Englar T, Barlow G, Mathur R. Obesity, diabetes, and the gut 
microbiome: an updated review. Expert Rev Gastroenterol Hepatol. 
2019;13(1):3–15.

 28. Nishida A, Inoue R, Inatomi O, Bamba S, Naito Y, Andoh A. Gut 
microbiota in the pathogenesis of inflammatory bowel disease. Clin J 
Gastroenterol. 2018;11(1):1–10.

 29. Zheng P, Zeng B, Zhou C, Liu M, Fang Z, Xu X, et al. Gut microbiome 
remodeling induces depressive‑like behaviors through a pathway 
mediated by the host’s metabolism. Mol Psychiatry. 2016;21(6):786–96.

 30. Valles‑Colomer M, Falony G, Darzi Y, Tigchelaar EF, Wang J, Tito RY, et al. 
The neuroactive potential of the human gut microbiota in quality of life 
and depression. Nat Microbiol. 2019;4(4):623–32.

 31. Dinan TG, Cryan JF. Microbes, Immunity , and Behavior : Psychoneu‑
roimmunology Meets the Microbiome. Neuropsychopharmacology. 
2016;42(1):178–92.

 32. Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes and 
mental health: A review. Brain Behav Immun. 2017;66:9–17.

 33. Proctor C, Thiennimitr P, Chattipakorn N, Chattipakorn SC. Diet, gut 
microbiota and cognition. Metab Brain Dis. 2017;32(1):1–17.

 34. Davidson GL, Cooke AC, Johnson CN, Quinn JL, Ac C, Davidson GL. The 
gut microbiome as a driver of individual variation in cognition and 
functional behaviour. Philos Trans B. 2018;373(1756):20170286.

 35. Sarkar A, Harty S, Lehto SM, Moeller AH, Dinan TG, Dunbar RIM, et al. The 
Microbiome in Psychology and Cognitive Neuroscience. Trends Cogn 
Sci. 2018;22(7):611–36.

 36. Fernandez‑Real J‑M, Serino M, Blasco G, Puig J, Daunis‑i‑estadella J, 
Ricart W, et al. Gut Microbiota Interacts With Brain Microstructure and 
Function. J Clin Endocrinol Metab. 2015;100(December):4505–13.

 37. Mayer EA, Tillisch K, Gupta A. Gut / brain axis and the microbiota. J Clin 
Invest. 2015;125(3):49–53.

 38. Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B, et al. Consump‑
tion of fermented milk product with probiotic modulates brain activity. 
Gastroenterology. 2013;144(7):1–15.

 39. Lach G, Schellekens H, Dinan TG, Cryan JF. Anxiety , Depression , 
and the Microbiome : A Role for Gut Peptides. Neurotherapeutics. 
2018;15(1):36–59.

 40. Krueger JM, Opp MR. Sleep and Microbes. Int Rev Neurobiol. 
2016;131:207–55.

 41. Zhang T, Sidorchuk A, Sevilla‑Cermeño L, Vilaplana‑Pérez A, Chang 
Z, Larsson H, Mataix‑Cols D, Fernández de la Cruz L. Association of 
Cesarean Delivery With Risk of Neurodevelopmental and Psychiatric 
Disorders in the Offspring: A Systematic Review and Meta‑analysis. 
JAMA Netw Open. 2019;2(8):e1910236.

 42. Park S, Kim B, Kim J, Shin M, Yoo HJ, Cho S. Protective effect of breast‑
feeding with regard to children ’ s behavioral and cognitive problems. 
Nutr J. 2014;13(1):111.

 43. Tseng P‑T, Yen C‑F, Chen Y‑W, Stubbs B, Carvalho AF, Whiteley P, 
et al. Maternal breastfeeding and attention‑deficit/hyperactivity 
disorder in children: a meta‑analysis. Eur Child Adolesc Psychiatry. 
2019;28(1):19–30.

 44. Grizenko N, Shayan YR, Polotskaia A, Ter‑stepanian M, Joober R. Rela‑
tion of maternal stress during pregnancy to symptom severity and 
response to treatment in children with ADHD. J Psychiatry Neurosci. 
2008;33(1):10–6.

 45. Bokulich NA, Chung J, Battaglia T, Henderson N, Jay M, Li H, et al. Antibi‑
otics, birth mode, and diet shape microbiome maturation during early 
life. Sci Transl Med. 2016;8(343):343ra82.

 46. Jašarević E, Howard CD, Misic AM, Beiting DP, Bale TL. Stress during 
pregnancy alters temporal and spatial dynamics of the maternal and 
offspring microbiome in a sex‑specific manner. Sci Rep. 2017;7:44182.

 47. Aarts E, Ederveen THA, Naaijen J, Zwiers MP, Boekhorst J, Timmerman 
HM, et al. Gut microbiome in ADHD and its relation to neural reward 
anticipation. PLoS One. 2017;12(9):1–17.

 48. Prehn‑Kristensen A, Zimmermann A, Tittmann L, Lieb W, Schreiber S, 
Baving L, et al. Reduced microbiome alpha diversity in young patients 
with ADHD. PLoS One. 2018;13(7):1–19.

 49. Bundgaard‑nielsen C, Knudsen J, Leutscher PDC, Marlene B, Nyegaard 
M, Hagstrøm S, et al. Gut microbiota profiles of autism spectrum 
disorder and attention deficit / hyperactivity disorder : A systematic 
literature review. Gut Microbes. 2020;00(00):1–16.

 50. Hoban AE, Moloney RD, Golubeva AV, McVey Neufeld KA, O’Sullivan 
O, Patterson E, et al. Behavioural and neurochemical consequences of 
chronic gut microbiota depletion during adulthood in the rat. Neuro‑
science. 2016;339:463–77.

 51. Neufeld K‑AM, Kang N, Bienenstock J, Foster JA. Effects of intes‑
tinal microbiota on anxiety‑like behavior. Commun Integr Biol. 
2011;4(4):492–4.

 52. Luczynski P, Whelan SO, O’Sullivan C, Clarke G, Shanahan F, Dinan TG, 
et al. Adult microbiota‑deficient mice have distinct dendritic morpho‑
logical changes: differential effects in the amygdala and hippocampus. 
Eur J Neurosci. 2016;44(9):2654–66.

 53. Hoban AE, Stilling RM, Ryan FJ, Shanahan F, Dinan TG, Claesson MJ, et al. 
Regulation of prefrontal cortex myelination by the microbiota. Transl 
Psychiatry. 2016;6(4):e774–9.

 54. Pirbaglou M, Katz J, de Souza RJ, Stearns JC, Motamed M, Ritvo P. 
Probiotic supplementation can positively affect anxiety and depressive 
symptoms: a systematic review of randomized controlled trials. Nutr 
Res. 2016;36(9):889–98.

 55. Leeming ER, Johnson AJ, Spector TD, Roy CIL. Effect of diet on the gut 
microbiota: Rethinking intervention duration, vol. 11. MDPI AG: Nutri‑
ents; 2019.

 56. David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe 
BE, et al. Diet Rapidly Alters the Human Gut Microbiota. Nature. 
2014;505(7484):559–63.

 57. Duncan SH, Belenguer A, Holtrop G, Johnstone AM, Flint HJ, Lobley GE. 
Reduced dietary intake of carbohydrates by obese subjects results in 
decreased concentrations of butyrate and butyrate‑producing bacteria 
in feces. Appl Environ Microbiol. 2007;73(4):1073–8.

 58. Gerasimidis K, Bryden K, Chen X, Papachristou E, Verney A, Roig M, 
et al. The impact of food additives, artificial sweeteners and domestic 



Page 14 of 15Lawrence et al. Pilot and Feasibility Studies           (2022) 8:108 

hygiene products on the human gut microbiome and its fibre fermen‑
tation capacity. Eur J Nutr. 2020;59(7):3213–30.

 59. Gultekin F, Oner ME, Savas HB, Dogan B. Food additives and microbiota. 
North Clin Istanb. 2019;7(2):192–200.

 60. Suez J, Korem T, Zeevi D, Zilberman‑Schapira G, Thaiss CA, Maza O, et al. 
Artificial sweeteners induce glucose intolerance by altering the gut 
microbiota. Nature. 2014;514(7521):181–6.

 61. de Pablo MA, Alvarez de Cienfuegos G. Modulatory effects of dietary 
lipids on immune system functions. Immunol Cell Biol. 2000;78(1):31–9.

 62. Costantini L, Molinari R, Farinon B, Merendino N. Impact of omega‑3 
fatty acids on the gut microbiota. Int J Mole Sci. 2017;18:2645.

 63. Balfegó M, Canivell S, Hanzu FA, Sala‑vila A, Martínez‑medina M, Murillo 
S, et al. Effects of sardine‑enriched diet on metabolic control, inflamma‑
tion and gut microbiota in drug‑naïve patients with type 2 diabetes: a 
pilot randomized trial. Lipids Health Dis. 2016;15:78.

 64. Noriega BS, Sanchez‑Gonzalez MA, Salyakina D, Coffman J. Understand‑
ing the Impact of Omega‑3 Rich Diet on the Gut Microbiota. Case Rep 
Med. 2016:3089303.

 65. Zinöcker MK, Lindseth IA. The western diet–microbiome‑host interac‑
tion and its role in metabolic disease. Nutrients. 2018;10(3):1–15.

 66. Turnbaugh PJ, Bäckhed F, Fulton L, Gordon JI. Diet‑induced obesity 
is linked to marked but reversible alterations in the mouse distal gut 
microbiome. Cell Host Microbe. 2008;3(4):213–23.

 67. Holscher HDJ, Caporaso G, Hooda S, Brulc JM, Fahey GC, Swanson 
KS. Fiber supplementation influences phylogenetic structure and 
functional capacity of the human intestinal microbiome: follow‑up of a 
randomized controlled trial 1‑4. Am J Clin Nutr. 2015;101:55–64.

 68. Gwiazdowska D, Juś K, Jasnowska‑Małecka J, Kluczyńska K. The 
impact of polyphenols on Bifidobacterium growth. Acta Biochim Pol. 
2015;62(4):895–901.

 69. McDonald D, Hyde E, Debelius JW, Morton JT, Gonzalez A, Ackermann 
G, et al. American Gut: an Open Platform for Citizen Science Microbi‑
ome Research. mSystems. 2018;3(3):e00031‑18.

 70. Abdullah M, Jowett B, Whittaker PJ, Patterson L. The effectiveness of 
omega‑3 supplementation in reducing ADHD associated symptoms in 
children as measured by the Conners’ rating scales: A systematic review 
of randomized controlled trials. J Psychiatr Res. 2019;110:64–73.

 71. Patterson RESD. Metabolic Effects of Intermittent Fasting. doi: 10.1146/
annurev‑nutr‑071816‑064634. Epub 2017 Jul 17. PMID: 28715993. Annu 
Rev Nutr. 2017;21(37):371–93.

 72. Cignarella F, Cantoni C, Ghezzi L, Salter A, Dorsett Y, Chen L, et al. Inter‑
mittent Fasting Confers Protection in CNS Autoimmunity by Altering 
the Gut Microbiota. Cell Metab. 2018;27(6):1222–1235.e6.

 73. Yilmaz İ, Dolar MEÖH. Effect of administering kefir on the changes 
in fecal microbiota and symptoms of inflammatory bowel disease: A 
randomized controlled trial. Turk J Gastroenterol. 2019;30(3):242–53.

 74. Uemura M, Hayashi F, Ishioka K, Ihara K, Yasuda K, Okazaki K, et al. 
Obesity and mental health improvement following nutritional educa‑
tion focusing on gut microbiota composition in Japanese women: a 
randomised controlled trial. Eur J Nutr. 2019;58(8):3291–302.

 75. Clement HW, Pejovic‑Milovancevic M, Schmeck K, Kumperscak HG, 
Gregoric Kumperscak H, Gricar A, et al. A Pilot Randomized Control Trial 
With the Probiotic Strain Lactobacillus rhamnosus GG (LGG) in ADHD: 
Children and Adolescents Report Better Health‑Related Quality of Life. 
Front Psychiatry. 2020;1:181. www. front iersin. org.

 76. Skott E, Yang LL, Stiernborg M, Söderström Å, Rȕegg J, Schalling M, et al. 
Effects of a synbiotic on symptoms, and daily functioning in attention 
deficit hyperactivity disorder – A double‑blind randomized controlled 
trial. Brain Behav Immun. 2020;89(April):9–19.

 77. Gardner B, Lally P, Wardle J. Making health habitual: the psychol‑
ogy of ‘habit‑formation’and general practice. Br J Gen Pract. 
2012;62(605):664–6.

 78. Lally P, Gardner B. Promoting habit formation. Health. Psychol Rev. 
2013;7(1):S137‑58.

 79. Barkley RA. Behavioral inhibition, sustained attention, and execu‑
tive functions: constructing a unifying theory of ADHD. Psychol Bull. 
1997;121(1):65–94.

 80. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane 
L, et al. CONSORT 2010 statement: Extension to randomised pilot and 
feasibility trials. BMJ. 2016:355:64.

 81. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. 
Better reporting of interventions: Template for intervention description 
and replication (TIDieR) checklist and guide. BMJ. 2014;7:348.

 82. Tickle Dengen L. Nuts and Bolts of Conducting Feasibility Studies Linda 
Tickle‑Degnen MeSH TERMS feasibility studies occupational therapy 
randomized controlled trials as topic treatment outcome. Am J Occup 
Ther. 2013;67(2):171–6.

 83. Conners CK. Conners Comprehensive Behavior Rating Scales (Conners 
CBRS) [technical manual]: Multi‑Heath Systems Inc.; 2008.

 84. Reale L, Bartoli B, Cartabia M, Zanetti M, Costantino MA, Canevini 
MP, et al. Comorbidity prevalence and treatment outcome in 
children and adolescents with ADHD. Eur Child Adolesc Psychiatry. 
2017;26(12):1443–57.

 85. Gibson G, Beatty E, Wang X, Cummings J. Selective Stimulation of 
Bifidobacteria in the Human Colon by Oligofructose and Inulin. Gastro‑
enterology. 1995;108(4):975–82.

 86. Gibson G, Probert H, Loo J, Rastall R, Roberfroid M. Dietary modulation 
of the human colonic microbiota: updating the concept of prebiotics. 
Nutr Res Rev. 2004;17(2):259–75.

 87. Westerterp‑Plantenga MS, Lemmens SG, Westerterp KR. Dietary 
protein‑its role in satiety, energetics, weight loss and health; 2020.

 88. Rebello C, Greenway FLDN. Functional foods to promote weight loss 
and satiety. Curr Opin Clin Nutr Metab Care. 2014;17(6):596–604.

 89. Sonnenburg ED, Smits SA, Tikhonov M, Higginbottom SK, Wingreen 
NS, Sonnenburg JL. Diet‑induced extinctions in the gut microbiota 
compound over generations. Nature. 2016;529(7585):212–5.

 90. Jena PK, Singh S, Prajapati B, Nareshkumar G, Mehta TSS. Impact of 
targeted specific antibiotic delivery for gut microbiota modulation on 
high‑fructose‑fed rats. Appl Biochem Biotechnol. 2014;172(8):3810–26.

 91. Suez J, Korem T, Zilberman‑Schapira G, Segal E, Elinav E. Non‑caloric 
artificial sweeteners and the microbiome: Findings and challenges. Gut 
Microbes. 2015;6(2):149–55.

 92. U.S. Department of Health and Human Services NI, Institute of H and 
NC. Common Terminology Criteria for Adverse Events (CTCAE) Version 
5.0 [Internet]. 2017 [cited 2021 May 26]. Available from: https:// ctep. 
cancer. gov/ proto colde velop ment/ elect ronic_ appli catio ns/ docs/ ctcae_ 
v5_ quick_ refer ence_8. 5x11. pdf

 93. European Commission. Communication from the Commission – 
Detailed guidance on the collection, verification and presentation of 
adverse event/reaction reports arising from clinical trials on medicinal 
products for human use (‘CT‑3’). [Internet]. Official J Eur Union. 2011 
[cited 2021 May 26]. Available from: https:// eur‑ lex. europa. eu/ LexUr 
iServ/ LexUr iServ. do? uri= OJ:C: 2011: 172: 0001: 0013: EN: PDF

 94. Hunsley J. Development of the treatment acceptability questionnaire. J 
Psychopathol Behav Assess. 1992;14(1):55–64.

 95. Cognition C.. CANTAB® [Cognitive assessment software]. All rights 
reserved. 2019. Available from: www. cantab. com

 96. Carney CE, Buysse DJ, Ancoli‑israel S, Edinger JD, Krystal AD, Lichstein 
KL, et al. The consensus sleep diary: standardizing prospective sleep 
self‑monitoring. Sleep. 2012;35(2):287–302.

 97. Irwanto RNM, Hartini STS. Sleep problem of children with autistic 
spectrum disorder assessed by children sleep habits questionnaire‑
abbreviated in Indonesia and Japan. Kobe J Med Sci. 2016;62(2):22–6.

 98. Owens JA, Maxim R, Nobile C, Mcguinn M, Msall M. Parental and self‑
report of sleep in children with attention‑deficit/hyperactivity disorder. 
Arch Pediatr Adolesc Med. 2000;154:549–55.

 99. Svedlund J, Sjödin IDG. GSRS‑a clinical rating scale for gastrointestinal 
symptoms in patients with irritable bowel syndrome and peptic ulcer 
disease. Dig Dis Sci. 1988;33(2):129–34.

 100. Panek M, Čipčić Paljetak H, Barešić A, Perić M, Matijašić M, Lojkić I, et al. 
Methodology challenges in studying human gut microbiota ‑ effects 
of collection, storage, DNA extraction and next generation sequencing 
technologies. Sci Rep. 2018;8(1):5143.

 101. Park C, Yun KE, Chu JM, Lee JY, Hong CP, Nam YD, et al. Performance 
comparison of fecal preservative and stock solutions for gut microbi‑
ome storage at room temperature. J Microbiol. 2020;58(8):703–10.

 102. Biomed A. Atlas Biomed Gets ISO 13485:2016 Accreditation. [Internet]. 
[cited 2021 Jan 10]. Available from: https:// atlas biomed. com/ blog/ atlas‑ 
biomed‑ iso‑ 13485‑ 2016‑ accre ditat ion/

http://www.frontiersin.org
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2011:172:0001:0013:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2011:172:0001:0013:EN:PDF
http://www.cantab.com
https://atlasbiomed.com/blog/atlas-biomed-iso-13485-2016-accreditation/
https://atlasbiomed.com/blog/atlas-biomed-iso-13485-2016-accreditation/


Page 15 of 15Lawrence et al. Pilot and Feasibility Studies           (2022) 8:108  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 103. Amir A, McDonald D, Navas‑Molina JA, Kopylova E, Morton JT, Zech Xu 
Z, et al. Deblur rapidly resolves single‑nucleotide community sequence 
patterns. mSystems. 2017;2(2):e00191‑16.

 104. Wagner BD, Grunwald GK, Zerbe GO, Mikulich‑Gilbertson SK, Robertson 
CE, Zemanick ET, et al. On the use of diversity measures in longitudi‑
nal sequencing studies of microbial communities. Front Microbiol. 
2018;22(9):1037.

 105. Cortese S, Adamo N, Del Giovane C, Mohr‑Jensen C, Hayes AJ, Carucci S, 
et al. Comparative efficacy and tolerability of medications for attention‑
deficit hyperactivity disorder in children, adolescents, and adults: 
a systematic review and network meta‑analysis. Lancet Psychiatry. 
2018;5(9):727–38.

 106. Denis D, Eley TC, Rijsdijk F, Zavos HMS, Keers R, Espie CA, et al. Is digital 
cognitive behavioural therapy for insomnia effective in treating sub‑
threshold insomnia: a pilot RCT. Sleep Med. 2020;1(66):174–83.

 107. Liu C, Robin AL, Brenner SEJ. Social acceptability of methylphenidate 
and behavior modification for treating attention deficit hyperactivity 
disorder. Pediatrics. 1991;88(3):560–5.

 108. Chatterton ML, Mihalopoulos C, O’neil A, Itsiopoulos C, Opie R, Castle 
D, et al. Economic evaluation of a dietary intervention for adults with 
major depression (the “SMILES” trial). BMC Public Health. 2018;18(1):599.

 109. Miller CB, Espie CA, Epstein DR, Friedman L, Morin CM, Pigeon WR, et al. 
The evidence base of sleep restriction therapy for treating insomnia 
disorder. Sleep Med Rev. 2014;18:415–24.

 110. Gregory AMSA. Annual Research Review: Sleep problems in childhood 
psychiatric disorders‑a review of the latest science. J Child Psychol 
Psychiatry. 2016;57(3):296–317.

 111. Jiang H, Zhou Y, Zhou G, Li Y, Yuan J, Li X, et al. Gut microbiota profiles in 
treatment‑naïve children with attention deficit hyperactivity disorder. 
Behav Brain Res. 2018;347:408–13.

 112. Lacorte E, Gervasi G, Bacigalupo I, Vanacore N, Raucci U, Parisi P. A 
Systematic Review of the Microbiome in Children With Neurodevelop‑
mental Disorders. Front Neurol. 2019;10:727.

 113. Durazzi F, Sala C, Castellani G, Manfreda G, Remondini D, De Cesare 
A. Comparison between 16S rRNA and shotgun sequencing data 
for the taxonomic characterization of the gut microbiota. Sci Rep. 
2021;11:3030.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Trialling a microbiome-targeted dietary intervention in children with ADHD—the rationale and a non-randomised feasibility study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Key messages regarding feasibility
	Background
	Materials and methods
	Study design
	Participants
	Inclusion and exclusion criteria
	Sample recruitment
	Sample size
	Dietary intervention

	Assessments
	Primary outcome
	Adherence to diet
	Adverse events
	Treatment acceptability scale
	End of study questionnaire
	Additional outcome measures assessed Time 1 and Time 2

	Analytical methods

	Results
	Recruitment and participants
	Primary outcome
	Adherence to each aspect of the dietary protocol
	Adverse events
	Parent-rated acceptability of the treatment
	Parents’ perceptions of changes during the intervention
	Descriptive statistics for outcome variables

	Discussion
	Conclusion
	Acknowledgments
	References


