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Foreword

This thesis aimd to investigate the evidence up to date for diet as the treatment for ADHD. In
order to do this several articles on different nutritional supplements, as well as whole diets,

were reviewed.

| have a special interest in the gut microbiota, sickness as consequence of Western lifestyle,
and paediatrics. Therefore, | choose children with ADHD and diet as topic for this thesis. |
contacted professor Eyvind J. Paulssen, at the Department of Clinical Medicine at UiT The
Arctic University of Tromsg, who | remembered for his lectures about gut-health and also for
punctilious training in journal writing, and asked for his mentoring. | also got guidance on
ADHD in children by Dr. Judeson Joseph, lecturer in Child and Adolescent Mental Health at

the Department of Clinical Medicine.
| would like to address a special thanks to my supervisor, professor Eyvind J. Paulssen. Thanks

for the follow-up through these years, for the good advice and all the feedback and help. Also

thanks to Dr. Judeson Joseph for helping with the clinical perspective.

22 July 2020, Narvik
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Martine Teres Apelqvist Ekhorn
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1 Abstract

Background: Attention deficit hyperactivity disorder, ADHD, is estimated to be the most
common behavioural disorder in children, affecting 6-12% of children worldwide (1). The
condition has only a few options for evidence-based treatment (2), and public accessible
numbers from The prescription register of the Norwegian National Institute of Public Health
have shown more than a threefold increase in the use of medication for ADHD since 2004 (3).
Studies have shown an association between ADHD and western dietary pattern (4), and there

seems to be an increasing interest in whether diet influences the symptoms or not.

Objectives: This study aims to collect the most recent studies, and their results, on diet as the
treatment for ADHD, to determine if there is any conclusive data that can be clinically used

today.

Methods: The study is an evaluation of published literature, selected through a defined

search strategy in PubMed, U.S National Library of Medicine National Institutes of Health.

Results: A total of 21 articles met the inclusion criteria, some investigating the effect of

dietary supplements and some investigating the effect of whole diets.

Discussion: The result of this study does not give a defined answer around diet as the
treatment for ADHD, nevertheless it points out some interesting findings for further

investigation.
Conclusions: Despite compelling evidence for Omega-3 polyunsaturated fatty acids as a

treatment for ADHD, the effects of other nutritional supplements are not negligible and

suggest not only specific nutrient but whole diets as treatment options for ADHD.



2 Introduction

Attention deficit hyperactivity disorder, ADHD, is estimated to be the most common
behavioural disorder in children, affecting 6-12% of children worldwide. The International
Classifications of Diseases 10™ edition, ICD-10, describes ADHD as consisting of three main
symptoms, inattention, hyperactivity and impulsivity, that must be present for more than six

months and manifest before the age of seven (1).

The prevalence of ADHD in the Norwegian population is assumed to be 3-5%, where the
male-to-female sex ratio is 4:1. The difference between the sexes is explained as a general
higher activity level in boys, and that the main symptom in girls is inattention, and therefore

harder to discover (5).

Public accessible numbers from The prescription register of the Norwegian National Institute
of Public Health have shown more than a threefold increase in the use of medication for
ADHD since 2004 (3). The condition has only a few options for evidence-based treatment,
including pharmacotherapy, behavioural intervention, psychotherapy interventions and
School-based interventions (2). Pharmacotherapy is currently considered as the cornerstone
of evidence-based treatment for ADHD, and over 70% of affected children respond to
psychostimulant medication (6). Nevertheless, there is a lack of evidence of long-term
efficacy and the side effects associated with these pharmacological treatments have led to a
search for other alternatives (7). Thus non-medical treatment is sought after by patients and

parents alike.

Studies have shown an association between ADHD and Western dietary pattern (4), and there
seems to be an increasing interest in whether diet influences on the symptoms or not. There
are several approaches in ways of treating ADHD with diet, including change of the
participants’ entire diet, adding special groups of food to their diet, such as white fish,
remove specific foods from the diet, such as sugar or food colourant, or adding one or several
nutrients to the diet in form of capsules containing them. This review will focus on studies

within this topic.



3 Methods

This study is written as an evaluation of published literature that has ADHD and diet as a
topic. The collection of studies to be reviewed was selected by a search in PubMed, U.S
National Library of Medicine National Institutes of Health, 2019-06-21, using the search
strategy “Attention Deficit Disorder with Hyperactivity [mh] AND (Diet [mh] OR food [mh]).”
Inclusion criteria were articles published after 2013-12-31 with full text available. The
described research had to be done on humans between 0-18 years, and could not be based
on prenatal status, mother’s health during pregnancy or way of birth. The search was further
limited to clinical trials, reviews and meta-analyses. Trials were included if they examined

treatment regiments for ADHD, and were randomized and placebo-controlled trials.

Among the resulting 62 articles, there were a few letters or comments to other published
articles. These were not included nor reviewed. The search also resulted in articles with topics
that included the search words but did not study diet as the treatment of ADHD, and were

therefore not included. The final resulting number of articles was 20.

Attention deficit disorder with hyperactivity [mh] | Diet [mh] OR food [mh]

Result: 274 articles

Inclusion criteria:

Published after 2013-12-31

Full text available Exclusion citeria:

Research is done on humans - Letters or comments to

Research is done on children l[ Result: 62 articles }—' published literature

Research is not based on Litterature including search-

children’s prenatal status, words, but not studying diet as

mathear's health during the treatment for ADHD.
pregnancy or way of birth

Result: 20 articles

Fig 1: Flow of search in PubMed.



Way of treatment Number of articles
4 Results

Polyunsaturated fatty acids 10
The result consists of 20 articles studying different nutritional Micronutrients 3

. Antioxidants 1

ways to treat ADHD. The outcome has been categorized —

Probiotics 1
according to which foods the authors propose as treatment. Algae 1

Whole diets 4
4.1 Dietary su pp|em ents Fig. 2: Table of how the articles distribute

between the proposed ways of treatment.

4.1.1 Polyunsaturated Fatty Acids
The majority of the articles reviewed, ten in total, involved the study of polyunsaturated fatty

acids, PUFA, as the treatment for ADHD. PUFA’s are essential acids, that cannot be
synthesized by humans and thus are required in our diet (8). Eicosapentaenoic acid, EPA, and
docosahexaenoic acid, DHA, are the two main bioactive forms of omega-3 polyunsaturated
fatty acids in humans. These can be synthesized from the essential fatty acid a-linolenic acid.
Omega-3 PUFAs are generally associated with anti-inflammatory effects, in comparison to
omega-6 PUFAs, synthesized from the essential fatty acid linoleic acid, which are linked to
pro-inflammatory effects (9). A high omega-6 to omega-3 fatty acid ratio could promote
inflammation in the human body, including neuroinflammation. Increased omega-3 fatty acid
concentration may alter central nervous system cell membrane fluidity and phospholipid
composition, which may change the structure and function of the proteins embedded in it.
The neurotransmission of dopamine and serotonin have shown to be affected by increased
omega-3 fatty acids concentration in the cell and may be of importance in ADHD
pathogenesis. Omega-3 fatty acids may also potentially reduce oxidative stress, which has

been demonstrated to be elevated in ADHD (10).

The importance of omega-3 fatty acids in neural brain tissues is strongly suggested by
membrane enrichment in these tissues. In the adult frontal cortex, the total amount of fatty
acid consists of 15-20% DHA, and in neural tissues, it makes upward of 50% of
polyunsaturates. These enrichments play an essential role in assuring the correct
environment for membrane protein function and membrane fluidity. Deficiency of omega-3
fatty acids promotes a destructive effect related to brain and neurologic function, including
inhibition of brain maturation and neuroplasticity and abnormalities in neurotransmitter

function. If the deficiency occurs during neural development, it might give persistent adverse



developmental outcome. Fatty acid pools are directly influenced by dietary fatty acid intake.
Dietary supplementations with fish oil results in an increased proportion of EPA and DHA
within biological membranes, frequently at the expense of arachidonic acid. When dietary
omega-3 levels are low, an imbalance of pro-inflammatory eicosanoids may occur as
eicosanoids such as prostaglandins, thromboxane, and other oxidative metabolites derived
from arachidonic acid, facilitate neuroinflammation. EPA and DHA are metabolized to
resolvins and protectins, which are recently identified molecules, seen to be very potent anti-

inflammatory mediators in cellular and animal model systems (11,12).

Widenhorn-Muller et al. (13) found that supplementation with mixes of omega-3 fatty acids
increased EPA and DHA concentrations in erythrocyte membranes and this correlated
significantly with improved memory function in 46 children diagnosed with ADHD according
to DSM-IV criteria. The improved working memory also correlated significantly with
decreased arachidonic acid, but supplementation did not affect other cognitive measures nor
parent and teacher-rated behaviour. There were no healthy control group in the study, and
therefore it is not known if the effect is only seen in children with ADHD, or if this will be the

result for whoever takes the supplement used in the study.

A review from the same year, written by Rucklidge and Kaplan (7), suggest that there in 2014
was CEBM, Oxford Centre of Evidence-Based Medicine, level-1 evidence demonstrating the
efficacy of omega 3 fatty acids for the treatment of ADHD. The recommendation is
supplementation with a dose of 1-2 g daily, with a substantial content of EPA within the

formulation.

A review by Gumpricht and Rockway (12) on neurodevelopmental disorders, NDD, ADHD, as
well as autism and apraxia, states that the compelling evidence for increased oxidative stress,
altered antioxidant defences and neuroinflammation in these children gives a rationale for
adding omega -3 fatty acids to these children’s diet. Extensive literature suggests increased
oxidative stress occurs in children with NDD. As a corollary to these findings, other
researchers found reduced antioxidant defences. There is also evidence for reduced plasma

levels of vitamin E in children with NDD. Thus, the combination of elevated oxidative stress



and reduced vitamin E levels in children with NDD strongly suggests a need for both vitamin E
and omega-3 fatty acids as a complementary nutritional therapeutic intervention in these

children.

A randomized three-way crossover trial by Milte, Paletta and Buckley et al. (14), done in 87
children aged 6-13 years with ADHD symptoms, compared the effects of supplementation
with long-chain n-3 PUFAs EPA and DHA with the omega-6 PUFA linoleic acid on literacy,
attention and behaviour in children with ADHD with and without learning difficulties. A
correlation was found with regression analysis of blood sample results between increased
erythrocyte levels of omega-3 and omega-6 PUFA and outcome measures: There were
negative associations between increased levels of omega-6 PUFA and various outcome
variables, while increased levels of omega-3 PUFAs were associated with improved literacy,
attention and parent-rated behaviour. A reduction in the ratio between omega-6 and omega-

3 PUFA were therefore a consistent predictor of improved outcomes.

A meta-analysis published in 2015 by Cooper et al. (15) examined the efficacy of omega-3
PUFA supplementation on cognitive performance measures in school-aged children and
adults who were typically developing or had ADHD, or related neurodevelopmental disorder.
There was not found an effect of the supplementation on cognition in the whole group, or the
groups analysed separately. A small improvement in short-term memory and working

memory was seen, in a few studies, in participants with low omega-3 PUFA.

In a double-blind randomized controlled trial by Bos, Oranje, Veerhoek et al. (16) Omega-3
PUFA dietary supplementation improved symptoms of inattention in boys with and without
ADHD. The dopamine turnover and neural activity did not change during the intervention;
therefore the effect did not appear to be mediated by dopaminergic cognitive control
networks. This indicates that typically developing children also benefit from the intervention,
and therefore supplementation with omega-3 seems to be important for all children. The
finding that the result is not mediated by dopaminergic cognitive control measures correlates
with the findings of Bergwerff and Luman et al. (17) who found that children with ADHD

showed normal values of aromatic amino acids in blood spots and urine, and had a normal



protein intake compared to controls. The aromatic amino acids tryptophan, tyrosine and
phenylalanine are essential in the synthesis of serotonin and dopamine, but no association

between the disorder’s symptoms and the concentration of these substances were found.

A meta-analysis from 2016 by Cooper, Tye et al. (18) studied the effect of omega-3 PUFA
supplementation on emotional liability, defined as low frustration tolerance, irritability and
mood liability. Initial analyses gave no significant effects on emotional liability, oppositional
behaviour, conduct problems and aggression. However significant effects were seen in
subgroup analyses on parent-rated emotional liability in studies that met strict inclusion
criteria. Tendencies of improvement on teacher-rated oppositional behaviour in studies
supplemented with adequate EPA were also seen. Only a few studies (n=10) with enough
data could be included in the analysis, which the authors point out as a demonstration of the

need of further research in the area to gain a more conclusive picture.

In a randomised, double-blind, placebo-controlled trial by Kean, Sarris et al. (19) found that a
marine oil extract rich in long-chain polyunsaturated fatty acids, named PCSO-524, did not
improve parent-rated levels of hyperactivity, inattention and impulsivity over placebo in
children with ADHD, but all children consuming the product significantly improved in

cognitive tasks compared to the group consuming placebo.

A randomized, placebo-controlled clinical trial by Crippa, Tesei et al. (20) studying the efficacy
of a 6-month supplementation with DHA as the only treatment in 50 medication-naive school-
children with ADHD. The primary outcome measure did not show benefit of the treatment on
an ADHD parent rating scale. Secondary behavioural outcome showed statistically significant
effects on psychosocial function and a decrease in parent-rated emotional problems,
although the size of these effects, 0.13 and 0.23, were quite small. All the children in the trial
had abnormally lower blood levels of DHA at baseline compared to 22 normal developing
peers matched by IQ, age and gender. The authors state that the study is limited by its small

sample size and significant between-groups differences at baseline.



4.1.2 Micronutrients
There are many metabolic steps in every pathway of neurotransmitters, where each step

requires enzymes. These enzymes are dependent on multiple and adequate quantities of
vitamins and minerals, cofactors. Inborn metabolic dysfunction which limits availability of
micronutrient cofactors, resulting in slow metabolic activity, might cause the psychiatric
symptoms seen in ADHD (21,22). ATP production is possibly compromised in ADHD, which
could explain micronutrients potential therapeutic effects through improved mitochondrial
production of adenosine triphosphate, ATP. Higher production of ATP would give improved

energy metabolism of neurons and glial cells (7).

Trials of treatment with vitamins and minerals have mainly focused on single nutrients, often
resulting in mixed and inconsistent effects, most often negligible. This suggests that single
nutrient interventions do not have an adequate impact on the complex biochemical pathway
in children with ADHD. An administration of one nutrient could cause an imbalance in other,

and it is unlikely that a single nutrient would resolve such a complex disorder (7).

The most frequent micronutrients studied in children with ADHD are zinc and iron. Zinc is
involved in the metabolism of melatonin, prostaglandins and neurotransmitters (23,24).
Symptoms of zinc deficiency mimic the symptoms of ADHD, and most meta-analyses suggest
an association between the two. Several clinical trials have shown that zinc supplements are
superior to placebo in reducing hyperactivity and impulsivity (25). Zinc might also improve the
effect of amphetamine, the most common ADHD drug (26). This suggests that zinc plays an
important role in the pathogenesis of ADHD. Iron is a cofactor for the rate-limiting step of
monoamine synthesis, and therefore critical to producing dopamine and norepinephrine.
Several studies have shown a correlation between low serum iron levels and ADHD, iron
deficiency increasing symptoms and iron supplements improving them (25). A case-control
study by Yang, Zhang et al. (25), the level of zinc was observed significantly lower in ADHD
group than that in the control group, and they found a moderate correlation between zinc
level and inattention. None of the other elements, including iron, copper, magnesium and

lead, showed a significant relation to ADHD.



As mentioned earlier, according to Gumpricht and Rockway (12), there is evidence for
reduced plasma levels of vitamin E in children with neurodevelopmental disorders. The
primary function of vitamin E is to protect membrane polyunsaturated fatty acids against
oxidative damage and is particularly important in omega-3 fatty acid-enriched neurologic
tissues. Symptoms of ADHD may frequently overlap with the neurologic symptoms observed
in vitamin E-deficient patients, although obvious human vitamin E deficiency is only seen in
individuals with either severe malnutrition or fat malabsorption syndromes, such as children

with cystic fibrosis or cholestatic liver disease.

An open-label reversal design study by Gordon, Rucklidge, Blampied et al. (27) studied the
effect of a micronutrient supplement containing 36 different vitamins and minerals; Vitamins
A,B1-6+9and 12, C, D, E and H, and calcium, iron, phosphorus, iodine, magnesium, zinc,
selenium, copper, manganese, chromium, molybdenum and potassium. It also contained dl-
phenylalanine, glutamine, citrus bioflavonoids, grape seed, choline bitartrate, inositol, ginkgo
biloba, methionine, germanium sesquioxide, boron, nickel, and vanadium. During a 6-month
trial, 14 children with the diagnosis of ADHD, were given this supplement for eight weeks,
then had no treatment for four weeks, and then treatment for eight new weeks, before the
treatment was withdrawn for the last four weeks. While taking micronutrients, the great
majority of participants experienced a statistically and clinically significant reduction in ADHD
symptoms, improvement in mood, and increase in overall functioning that were reversed
when the treatment was withdrawn. Benefit was observed by the parents, clinicians, and the
children themselves. Participants, caregivers and clinicians knew when they were taking and
not taking the micronutrient, which means the positive responses given may have been
influenced by expectancy of effect. The contribution of placebo response to the observed
results cannot be estimated, but a convincing reason why a placebo effect is unlikely to
explain the entire therapeutic results is that for most participants, the therapeutic effect was

gradual, with the most benefit shown several weeks after starting the micronutrients.



4.1.3 Antioxidants
Different in vivo mechanisms generate reactive oxygen species, ROS, that oxidise agents or

are easily converted into radicals (28). Mitochondrial energy production is the main source of
ROS throughout the body, but other reactions contribute. In the central nervous system,
activated microglia is also an important source (29). ROS are required in low levels for normal
cell functioning, but radicals are highly reactive, and excess of ROS can therefore damage the
macromolecules of the cell, and thereby their function (30). A way of reducing free radicals in
the body is by detoxification by antioxidants (31). A shift in the balance between oxidants and
antioxidants in favour of oxidants is called oxidative stress, which can damage for example
macromolecules and DNA (32). ADHD aetiology can be related to multiple effects of oxidative
stress on the brain, as it can lead to progressive neuronal damage and weakening of normal

cerebral functions (33).

A review by Verlaet, Maasakkers et al. (30) concludes that a nutritional supplement of
antioxidants is a potential ADHD therapy as there is a proven association between ADHD and

oxidant-antioxidant imbalances.

4.1.4 Probiotics
It is well recognized that gut microbiota affects the brain’s physiological, behavioural and

cognitive functions, although the exact mechanism of the gut microbiota-brain axis has not
yet been fully understood. Evidence from animals and human studies has shown that
microbiota of the gut has an important role in developing behaviour and cognitive functions
by producing hormones, immune factors and metabolites, which also indicates that altering

gut microbiota may improve or cure brain disease (34).

A prospective cohort study by Partty et al. (35) found that administration of Lactobacillus
rhamnosus GG may reduce the risk of ADHD and Asperger’s syndrome. A group of 132 infants
were randomized to receive the bacteria or placebo during the first 6 months of life and were
followed up for 13 years. The groups were equal at baseline, and although 57 were lost to
follow-up, the groups were also equal at the end of the trial, except for duration of exclusive
breastfeeding. At the age of 13 years, ADHD was diagnosed in 6 out of 35 children in the

placebo group and none in the probiotic group. The mean numbers of Bifidobacterium



species bacteria, which in mice have shown to have an anxiolytic effect, was significantly

lower in the faeces of the affected children in the first 6 months of life.

4.1.5 Other

Cremonte, Sisti et al. (36) did an experimental study on supplementation with the algae
extract Klamin in children with ADHD. The underlying theory was that current research
suggests that ADHD can be attributed to interaction between dysfunctional neurotransmitter
systems, and low levels of phenylethylamine, PEA, which is an endogenous neurotransmitter
that is normally stored and metabolized in the brain. Klamin contains PEA, which stimulates
the release of dopamine and catecholamines from intraneuronal reserves in the brain, and
inhibition of the reuptake of noradrenaline, serotonin and dopamine in neurons. PEA is easily
degraded by monoamine oxidase B, MAQO B, but Klamin also contains AFA-phycocyanins,
which is a selective inhibitor of this enzyme. Despite the small study it appears to confirm the

initial hypothesis that Klamin may positively affect the expressions of ADHD symptoms.

4.2 Dietary patterns

A few studies in the search did not study a nutrient or supplement, but a whole diet and its
association to ADHD. A case-control study by Zhou, Wu et al. (37) on Chinese children found
some interesting associations between ADHD and diets: Dietary patterns rich in deep water
fish, shellfish, freshwater fish, fungi and algae, white meat, and organ meat was inversely
associated with ADHD. The same association was found in dietary patterns rich in zinc,
phosphorus, riboflavin, selenium, calcium and protein. Additionally, ADHD was negatively
related to blood levels of zinc. The study suggests, and support its suggestion with previous
studies, that healthy dietary patterns, containing vegetable, fresh fruit, fish, white meat and
whole grains were protective against ADHD, whilst an unhealthy dietary pattern, including
fast food, ice cream, sweets, snacks and red meat were adversely related to ADHD. Another
Case-control study by Rios-Hernandez, Alda et al. (38) and a cross-sectional study by Martin,
Olivares et al. (39) found that lower adherence to the Mediterranean diet was associated with
ADHD diagnosis, and raise the question whether a Mediterranean diet can prevent ADHD

development.

10



A systematic review from 2015 by Rytter, Andersen et al. (40) looked into elimination diet,
specifically diets without artificial colours and other additives. The studies reviewed did not
provide any clear or convincing results concerning children with ADHD, however, two large
studies both found that normal children showed an increase in ADHD-like behaviour after
receiving a mix of artificial colourants, called “azo-dyes”, together with preservative sodium
benzoate. The result of this is that the European Union have a law stating that foods
containing these dyes should have a label warning that they may affect children’s behaviour
and attention. Meta-analyses reviewed on this issue all concluded that food colourants have a
small, but statistically significant, effect on ADHD symptoms in some children, although the
studies were of limited quality. The review also contained five crossover RCT concerning short
term exposure to sugar and artificial sweeteners, which found no change in core ADHD

symptoms with either of them.

5 Discussion

The result of this study does not give a definite answer around diet as the treatment for

ADHD, nevertheless, it points out some interesting findings for further investigation:

Several of the studies reviewed about polyunsaturated fatty acids found increased memory
function when taking omega-3 supplements, but the studies do not determine whether this is
an effect in children with ADHD only, or all developing children (13,15). Compelling evidence
of oxidative stress, reduced antioxidant defences and neuroinflammation in children with
ADHD gives rationale for adding PUFAs to these children’s diet, and in 2014 cumulative
evidence suggested supplementation with 1-2g daily of omega-3 fatty acids with a substantial
amount of EPA (7,12). Adequate EPA in the supplement also showed a trend of reduced
emotional liability and teacher-rated oppositional behaviour (18). Supplementation with n-3
PUFAs compared with n-6 PUFAs improved literacy, attention and behaviour, and a reduced

omega-6:0mega-3 ratio was a predictor for an improved outcome (14).

Regarding micronutrients, trials with single nutrients often resulted in mixed and inconsistent

findings. Supplementation with one nutrient could give imbalance in another, and therefore it
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is unlikely that a single nutrient would resolve such a complex disorder (7). Clinical trials
showed zinc to be superior of placebo in reducing hyperactivity and impulsivity, and it might
improve the effect of amphetamine as treatment for ADHD. The study also found significantly
lower levels of zinc in children with ADHD then controls, and there was a moderate

correlation between blood zinc level and inattention (25,26,37).

There is evidence for reduced vitamin E in children with neurodevelopmental disorders, and

symptoms of ADHD overlap with symptoms of Vitamin E deficiency (12).

A micronutrient containing 36 different vitamins and minerals gave the majority of
participants, who were not blinded, a gradual therapeutic effect of reduced symptoms, mood
and overall functioning reported by caretakers, teachers and the children themselves.
Arguments for that the observed effect is not all placebo, are the gradual effect seen when

taking the supplement (27).

Two case-control studies studying whole diets found inverse associations between ADHD and
diets containing vegetable, fresh fruit, fish, white meat and whole grains, whilst an unhealthy
dietary pattern, including fast food, ice cream, sweets, snacks and red meat were adversely
related to ADHD. Inverse association were also found in dietary patterns rich in zinc,

phosphorus, riboflavin, selenium, calcium and protein (37,38).

The use of PubMed as a search engine was chosen because it is standard for medical

literature.

A strength of this study is that it is a systematic review of the subject. The study could also be
done as an interview or a survey of treatment personnel. The benefit of using peer-reviewed
articles is that it will give a general view of current evidence. Reviews of current evidence are
important in the path forward in clinical research. An interview or survey, on the other hand,
might have given a picture of the current experiences among therapist on the effect of diet as
the treatment for ADHD, but the result would be from a local, at best national, point of view,

and not be transmissible to the general population.
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Another strength is that it pertains to existing results from child studies and not extrapolating
on results from adult studies. Research on children for sake of finding treatment for children
is also a key in clinical research. Though one can imagine a certain hesitance on performing
research on children, the clinical research in field paediatrics needs to acknowledge the

necessity for more clinical paediatric research.

A limitation of this study is that the search gave a low number of articles and that several of
the included studies have small sample sizes. The only supplement with a tolerably number of
studies where found on polyunsaturated fatty acids, where there were found nine, but other
supplements or diets only had up to three articles. The primary reason for this is that the
inclusion criteria might be too limitable. The first criteria were that the article was published
in 2014 or later. By excepting articles published further back in time there would be more
data to review. Second, the search was limited to humans, specifically children. The reason
for this is that it might be difficult to know if results are transferable to humans if done on
animals. The same goes for excluding studies done on adults, although it would be interesting
to compare findings in adults versus children and see if the trends found in this study also are
present in adults. The reason for excluding research done on prenatal health, mothers health

during pregnancy and way of birth is that it cannot be used as treatment.

6 Conclusion

Although there is compelling evidence for omega-3 as a treatment for ADHD, the effects of
other nutritional supplements as well as whole diets is not negligible and suggest not only
specific nutrients but also whole diets should be considered both preventive and as the

treatment for ADHD.

Some of the challenges in clinical research is that nutritional interventions, including dietary
eliminations, demand resources, compliance and long-time follow-ups. Studies with greater
sample sizes and more controlled trials are needed to show effects that can be sufficient to

cause changes in clinical recommendations.

13



7 Works cited

1.

10.

11.

12.

13.

14.

Biederman J, Faraone S V. Attention-deficit hyperactivity disorder. Lancet [Internet].
2005;366(9481):237—48. Available from: https://ac.els-
cdn.com/S0140673605669152/1-s2.0-S0140673605669152-main.pdf?_tid=487ce241-
04a9-476d-808b-
77a1cf830d72&acdnat=1545213787_aa20a3d3594e01b55fff442c76b34dc6

Krull KR. Attention deficit hyperactivity disorder in children and adolescents: Overvie of
treatment and prognosis. Uptodate [Internet]. 2018; Available from:
https://www.uptodate.com/contents/attention-deficit-hyperactivity-disorder-in-
children-and-adolescents-overview-of-treatment-and-
prognosis?search=adhd&source=search_result&selectedTitle=1~150&usage_type=def
ault&display_rank=1#H966764713

The Norwegian Institute of Public Health. Reseptregistret [Internet]. Norwegian
Prescription Database. Available from: http://www.reseptregisteret.no/

Howard AL, Robinson M, Smith GJ, Ambrosini GL, Piek JP, Oddy WH. ADHD is
associated with a “Western” dietary pattern in adolescents. J Atten Disord.
2011;15(5):403-11.

Hannas BM. ADHD. In: Store medisinske leksikon [Internet]. 2018. Available from:
https://sml.snl.no/ADHD

Spencer T, Biederman J, Wilens T, Harding M, O’Donnell D, Griffin S. Pharmacotherapy
of Attention-Deficit Hyperactivity Disorder across the Life Cycle. J Am Acad Child
Adolesc Psychiatry [Internet]. 1996 Apr 1;35(4):409-32. Available from:
https://doi.org/10.1097/00004583-199604000-00008

Rucklidge JJ, Kaplan BJ. Broad-spectrum micronutrient treatment for attention-
deficit/hyperactivity disorder: rationale and evidence to date. CNS Drugs. 2014
Sep;28(9):775-85.

Vaaje-Kolstad G. Essensielle fettsyrer. In: Store Norske Leksikon [Internet]. 2019.
Available from: https://snl.no/essensielle_fettsyrer

Costantini L, Molinari R, Farinon B, Merendino N. Impact of omega-3 fatty acids on the
gut microbiota. Int J Mol Sci. 2017;18(12):2645.

Bloch MH, Mulqueen J. Nutritional Supplements for the Treatment of ADHD. Child
Adolesc Psychiatr Clin N Am [Internet]. 2014 Oct;23(4):883—-97. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1056499314000340

Kohli P, Levy BD. Resolvins and protectins: mediating solutions to inflammation. Br J
Pharmacol. 2009 Oct;158(4):960-71.

Gumpricht E, Rockway S. Can omega-3 fatty acids and tocotrienol-rich vitamin E reduce
symptoms of neurodevelopmental disorders? Nutrition. 2014;30(7-8):733-8.
Widenhorn-Muller K, Schwanda S, Scholz E, Spitzer M, Bode H. Effect of
supplementation with long-chain omega-3 polyunsaturated fatty acids on behavior
and cognition in children with attention deficit/hyperactivity disorder (ADHD): a
randomized placebo-controlled intervention trial. Prostaglandins Leukot Essent Fatty
Acids. 2014;91(1-2):49-60.

Milte CM, Parletta N, Buckley JD, Coates AM, Young RM, Howe PRC. Increased
Erythrocyte Eicosapentaenoic Acid and Docosahexaenoic Acid Are Associated With
Improved Attention and Behavior in Children With ADHD in a Randomized Controlled
Three-Way Crossover Trial. J Atten Disord. 2015 Nov;19(11):954—-64.

14



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cooper RE, Tye C, Kuntsi J, Vassos E, Asherson P. Omega-3 polyunsaturated fatty acid
supplementation and cognition: A systematic review and meta-analysis. J
Psychopharmacol. 2015 Jul;29(7):753-63.

Bos DJ, Oranje B, Veerhoek ES, Van Diepen RM, Weusten JM, Demmelmair H, et al.
Reduced Symptoms of Inattention after Dietary Omega-3 Fatty Acid Supplementation
in Boys with and without Attention Deficit/Hyperactivity Disorder.
Neuropsychopharmacology. 2015 Sep;40(10):2298-306.

Bergwerff CE, Luman M, Blom HJ, Oosterlaan J. No Tryptophan, Tyrosine and
Phenylalanine Abnormalities in Children with Attention-Deficit/Hyperactivity Disorder.
PLoS One. 2016;11(3):e0151100.

Cooper RE, Tye C, Kuntsi J, Vassos E, Asherson P. The effect of omega-3
polyunsaturated fatty acid supplementation on emotional dysregulation, oppositional
behaviour and conduct problems in ADHD: A systematic review and meta-analysis. J
Affect Disord. 2016 Jan;190:474-82.

Kean D, Sarris J, Scholey A, Silberstein R, Downey LA, Stough C. Reduced inattention
and hyperactivity and improved cognition after marine oil extract (PCSO-524(R))
supplementation in children and adolescents with clinical and subclinical symptoms of
attention-deficit hyperactivity disorder (ADHD): a randomised, double.
Psychopharmacology (Berl). 2017 Feb;234(3):403-20.

Crippa A, Tesei A, Sangiorgio F, Salandi A, Trabattoni S, Grazioli S, et al. Behavioral and
cognitive effects of docosahexaenoic acid in drug-naive children with attention-
deficit/hyperactivity disorder: a randomized, placebo-controlled clinical trial. Eur Child
Adolesc Psychiatry. 2019 Apr;28(4):571-83.

Kaplan BJ, Crawford SG, Field CJ, Simpson JSA. Vitamins, Minerals, and Mood. Psychol
Bull. 2007;133(5):747-60.

Ames B. High-dose vitamin therapy stimulates variant enzymes with decreased
coenzyme binding affinity (increased. 2002;1-43. Available from:
http://www.google.de/url?sa=t&rct=j&qg=high-dose vitamin therapy stimulates variant
enzymes with decreased coenzyme binding affinity (increased km): relevance to
genetic disease and
polymorphisms&source=web&cd=2&ved=0CFOQFjAB&url=http://www.ajcn.org/conte
n

Arnold LE, DiSilvestro RA. Zinc in attention-deficit/hyperactivity disorder. J Child
Adolesc Psychopharmacol. 2005 Aug;15(4):619-27.

Sandstead HH, Penland JG, Alcock NW, Dayal HH, Chen XC, Li JS, et al. Effects of
repletion with zinc and other micronutrients on neuropsychologic performance and
growth of Chinese children. Am J Clin Nutr. 1998 Aug;68(2 Suppl):470S-475S.

Yang R, Zhang Y, Gao W, Lin N, Li R, Zhao Z. Blood Levels of Trace Elements in Children
with Attention-Deficit Hyperactivity Disorder: Results from a Case-Control Study. Biol
Trace Elem Res. 2019 Feb;187(2):376-82.

Arnold LE, Disilvestro RA, Bozzolo D, Bozzolo H, Crowl! L, Fernandez S, et al. Zinc for
attention-deficit/hyperactivity disorder: placebo-controlled double-blind pilot trial
alone and combined with amphetamine. J Child Adolesc Psychopharmacol. 2011
Feb;21(1):1-19.

Gordon HA, Rucklidge JJ, Blampied NM, Johnstone JM. Clinically Significant Symptom
Reduction in Children with Attention-Deficit/Hyperactivity Disorder Treated with
Micronutrients: An Open-Label Reversal Design Study. J Child Adolesc

15



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Psychopharmacol. 2015 Dec;25(10):783-98.

Halliwell B. Oxidative stress, nutrition and health. Experimental strategies for
optimization of nutritional antioxidant intake in humans. Free Radic Res. 1996
Jul;25(1):57-74.

Lopresti AL. Oxidative and nitrosative stress in ADHD: possible causes and the potential
of antioxidant-targeted therapies. Atten Defic Hyperact Disord. 2015 Dec;7(4):237-47.
Verlaet AAJ, Maasakkers CM, Hermans N, Savelkoul HFJ. Rationale for Dietary
Antioxidant Treatment of ADHD. Nutrients. 2018 Mar;10(4).

Ng F, Berk M, Dean O, Bush Al. Oxidative stress in psychiatric disorders: evidence base
and therapeutic implications. Int J Neuropsychopharmacol. 2008 Sep;11(6):851—76.
Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative stress and
antioxidant defense. World Allergy Organ J. 2012 Jan;5(1):9-19.

Ceylan MF, Sener S, Bayraktar AC, Kavutcu M. Changes in oxidative stress and cellular
immunity serum markers in attention-deficit/hyperactivity disorder. Psychiatry Clin
Neurosci. 2012 Apr;66(3):220-6.

Wang H-X, Wang Y-P. Gut Microbiota-brain Axis. Chin Med J (Engl). 2016
Oct;129(19):2373-80.

Partty A, Kalliomaki M, Wacklin P, Salminen S, Isolauri E. A possible link between early
probiotic intervention and the risk of neuropsychiatric disorders later in childhood: a
randomized trial. Pediatr Res. 2015 Jun;77(6):823-8.

Cremonte M, Sisti D, Maraucci |, Giribone S, Colombo E, Rocchi MBL, et al. The Effect of
Experimental Supplementation with the Klamath Algae Extract Klamin on Attention-
Deficit/Hyperactivity Disorder. ] Med Food. 2017 Dec;20(12):1233-9.

Zhou F, Wu F, Zou S, Chen Y, Feng C, Fan G. Dietary, Nutrient Patterns and Blood
Essential Elements in Chinese Children with ADHD. Nutrients. 2016 Jun;8(6).
Rios-Hernandez A, Alda JA, Farran-Codina A, Ferreira-Garcia E, Izquierdo-Pulido M. The
Mediterranean Diet and ADHD in Children and Adolescents. Pediatrics. 2017
Feb;139(2).

San Mauro Martin |, Blumenfeld Olivares JA, Garicano Vilar E, Echeverry Lopez M,
Garcia Bernat M, Quevedo Santos Y, et al. Nutritional and environmental factors in
attention-deficit hyperactivity disorder (ADHD): A cross-sectional study. Nutr Neurosci.
2018 Nov;21(9):641-7.

Heilskov Rytter MJ, Andersen LBB, Houmann T, Bilenberg N, Hvolby A, Molgaard C, et
al. Diet in the treatment of ADHD in children - a systematic review of the literature.
Nord J Psychiatry. 2015 Jan;69(1):1-18.

16



8 Appendix: GRADE

Reference: Widenhorn-Muller, K., Schwanda, 5., Scholz, E., Spitzer, M., & Bode, H. (2014). Effect of supplementation | Study design: RCT
with long-chain omegs-3 polyunsaturated fatty acids on behavior and cognition in children with attention
deficit/hyperactivity disorder (ADHD): a randomized placebo-controlled intervention trial. Prostaglandins GIEd_E - | Moderate - lia
. i . ) i ’ quality
Leukotrienes, and Essential Fatty Acids, 91{1-2), 43—50. https://doi.org/10.1015/j. plefa.2014.04 002
Objective Materials and methods Results DiscussioncommentsChecklist
To determine whether | Study design: Randomized, double-blind placebo-controlled trizl | Supplementation with the  |Is the objective of the study explicit? Yes.
supplementation With | involving parallel treztrment for 16 weeks. omega-2 fatty acid mies
the lang-chain 8mega-2 | porvicinants: Children of both sexes 5-12 years of 2ge, meeting | increased EPA 2nd DHA Who is included/excduded? Included: Children 512 years of 3ge mesting DEM-IV criteria of ADHD.
polyimatumtadhmr the criteria of ADHD. Recruited by informing the parents of concentrations in Excluded: 1Q = 70, use of stimulant medication or other psychoactive medications as well as fatty acid
:flamsapuﬂae;liu: children with dizgnosed, or suspected, ADHD through health erythrocyte membranes supplementation used within the previous & months. Children with allergies against fish or fish
3cid affects behawioural | Prefessionals about the possibility to participate in the study. and improved working products.
symptomes and Procedurs: memory function but had
COENitive impairments 1. Parent-rated and teacher-rated questionnaires no effect on other cognitive |Randomization? Computer-generated random sequence to allocate participants to either supplement
in children 6-12 years of comprised of 20 items corresponding to the ICD-10 measures and parent- and  |or placebo group.
age dizgnosed with and DSM-IV criteria for ADHD. teacher-rated behaviour in
M"w 2. Anamnestic interview with the children and the the study population. ‘Where all participants given an account for at the end of the trial? Yes.
llﬂ:lemctmt? ol caretakers, to address behavioural symptoms, and Improved working memory (Where participants/Study personnel blinded to intervention condition? Yes
Conclusion social and medical background. correlated significantly with |Where the groups equal at the start? Yes
The pasitive effect of 3. Generzl cognitive ability and attentional performance, | increased EPA, DHA and ‘Where the groups treated equally? Yes
EPA/DHA lementation on togethar with behaviour during study visits, were decreazed arachidonic acid
working memary assessed by psychologist. [Aa). What are the results? Increased EPA/DHA, and raduced A&, improved working memory, but had no
function might not be 4. Only children fulfilling the DEM-IV criteria were invited effect on other cognitive measures and parent- and teacher-rated behaviour in the study population.
specific for children for the next face of the study.
diagnosed with ADHE. 5. Pre-interventionzl blood test. Is the result clinically significant? Nao
Definite conclusion 6. Medical examination to exclude the possibility that Where all outcome measures assessed? Yes
about the effect can the behavigural impairment was cauzed by other Are the advantages worth the costs/disadvantages? Mot relevant.
therefore not be drawn. conditions.
Country 7. Questionnaire addressing fish and sea food What do the authors discuss as strengths f'weaknesses? Strengths: 59% where informed by psychistrist,
L2 sl consumption last four weeks. which reguires referral from a podiatrist, and therefor makes it unlikely that symptom severity was low.
¥ear collecting data 2.  1& weeks intervention with capsules and intake Intzke protocols and fatty acid profiles where measures for adherence for study protocol, confirming
a3 protocals. high complience in both groups. Low sttrition rate, 12%, compared to other studies. Wesknesses: Five
5. Postinterventional quastionnaire addressing fish and of the children had problems swallowing the capsules, and five families had objections against pork
sea food consumption last four weeks. Zelatine capsule cast. A liguid form would be suitable for more children. Study is limited by small zzmple
10. Post interventional behavioural rating by teachers and size. Participant selection through DSM-criteria limits comparison to studies using syrmptom severity.
parent, and behavigural and cognitive assessment by The positive effect on working memary found might not be specific for children diagnosed with ADHD.
the same professional who had done pre-
interventional testing. Do the authors refer to other literature that strengthens or undermine the results? Yes
11, Post-interventional blood test. Do the results have plausible biologic explanations? Yes.
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Reference: Milte CM, Parletta N, Buckley I, Coztes al, Young R, Howe PRC. Increased Enythrooyte Eicosapentzenoic Acid
and Docosshexzenoic Arid Are Associated With Improved attention and Behavior in Children \With ADHD in a
Randomized Controlled Three-way Crossowver Trial. 1 atten Disord. 2015 Mow;19(11)-054-54.

Study design: RCT

Grade - quality High - lla

Objective

Materials and methods

Results

Discussion,comments/Checklist

To investigate effects of
amega-3 polyunsaturated
fatty acids, n-3 PUFA,
docosahexasnoic acid, DHA,
and eicosspentasnoic acid,
EPA, on attention, literacy,
and behaviour in children with
ADHD.

Conclusion

Increasing erythrocyte DHA
and EPA via dietary

supplementation may
improve behaviour, attention,
and literacy in children with
ADHD.

Country

Australia

Year collecting data

2007-2005

A 12-month randomized trial controlled three-
way crossover trial in children aged 6-13 years
with ADHD symptoms. Children were recruited
through media relezses and television
interviews, newspaper advertisements, school
newsletters, and flyers. By brief screening
interview over the phone, 115 children were
deemed eligible and their parents and guardians
were sent information sheets and consant
forms. Parents of children without diagnosis of
ADHD were asked to complete an ADHD index.

Children were independently allocated to one of
three treatment conditions using the process of
randomization by minimization on the basiz of
zge and gender. Each condition received the
twio omega-3 rich oils, EPA-rich and DHA-rich,
and control ail, LA-rich, for 4 months each. The
three treatment conditions comprized EPA-DHA-
LA, DHA-LA-EPA, or LA-EPA-DHA. Study
investigators, parents, and children were
blinded to the randomization until completion
of data collection analysis.

Assessment of the children were done at
bazeline, 4, 8, and 12 months. Capsule
containers were returned at each visit for
complience assessment by capsule counting. At
each visit fasted blood samples were collected,
and the children underwent a 30 to 45 min
COENItive assessment.

Batwesn each visit, parents were contacted vis
phone or email at least 3 times by researchers
to reduce dropouts, informally

check compliznce and report any adverse
EVENtS.

Fifty-three children completed
the treatment. Cutcome
measures showed no

significant differences

between the three treatments.
Howewer, in children with
blood samples (n = 756-46),
increased erythrocyte EPA +
DHA was associated with
improved spelling (r=.365, p <
1001} and attention {r=-540, g
= 001} and reduced
oppositicnal behaviour (r =
—.301, p < 003, hyperactivity [r
=-.310, p < .001), cognitive
problems {r=—326, p< .001),
Diognostic and Stotistical
Manual of Mental Disorders
[4th ed.; DSM-IV) hyperactivity
[r=—270, p = .002) and DSA-IW
inattention (r=

-343 p< .001)

Is the objective of the study explicit? Yesz

Whao is included/excluded? Included: Children with diagnosis of ADHD or parent-rated symptoms = 90"
percentile on the Conners' Parent Rating Scale and parent-reported learning difficulties. Excluded: Children
wihio had consumed n-3 PUFA supplements during the 3 months prior to the study or were tanking any
ADHD medication.

Randomization? Randomization by minimization on the basiz of 3ge and gender.

Where all participants given an account for at the end of the trial? Yes.

Where participants/Study personnel blinded to intervention condition? Yes.

Where the groups equal at the start? Yes.

Where the groups treated equally? The three groups received the three supplements at different times
throughout the year but were other than that treated equal.

What are the results? Increaszed levels of n-3 PUFAs (maost consistently EPA +

DHA together) were associated with improved literacy,

sttention, and parent-rated behaviour, while there were negative

=ssociations between increased n-6 PUFA levels and

warious gutcome variables. Accordingly, reduction in the

ratio of n-6:n-3 was a consistent predictor of improved

OuUtCOMmes.

Is the result clinically significant? Yes.

Where all outcome measures assessed? Yes.

Are the advantages worth the costs/disadvantages? Yes.

What do the authors discuss as strengthsweaknesses? Weakness=s: Considerable variability in
supplement compliance. S3mall zample size. A possibility of no washout effect that were anticipated
following each treatment, in particular DHA, did not go back to baseline after being ceased. If children
experienced improvements in learming or behaviour following optimization of n-3 levels, 3 degree of that
learming may be retained after cessation of supplementation. The order of the three treatments could have
interacted with any carryover effects given that only three out of six possible orders were used. Strengths:
Blood =amples enabled to use 3 regression design to assess relationships betwesn blood PUFRA levels and
outcome measures at each time point. Blood samples can confirm and account for degree of compliance
and variability im baseline nutrient levels.

Do the authors refer to other literature that strengthens or undermine the results? Yes.

Do the results have plausible biologic explanations? Yes.
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Reference: Sordon Ha, Rucklidge 1, Blampiaed M, Johnstone 14 Clinically Significant Symptom Reduction in
Children with aAttention-Deficity Hyperactivity Disorder Treated with Micronutrients: &n Open-Label Reversal Design
Study. 1 Child aAdolesc Psychopharmacol. 2015 Dec;25(10):783—58.

Study design: RCT — open-label reversal design.

Grade — quality Moderate - llla

Objective

Materials and methiods

Results

Discussion,oomments,"Chacklist

The purpose of this study was
to inwestigate the clinical effect
and safety of a broad
spacirum, 36 ingredient
micronutrient (vitamins and
minerals) in treating childran
with attention-

{ADHD).

Conclusion

This study demonstrates the
clinical benefit, feasibility, and
safety of broad-spectrum
micronutrients in the
treatment of childhood ADHD.
Replications utilizing dowbls-
blind placebo-comtrolled
studies are warranted.

Country

KNew Zealand

Year collecting data

Septemier 2011 to January
2013,

This apen-label, on-off-on-
off {reversal design) study
followed 14 participants (28—
12 years of age) with ADHD,
dizgnosed using
standardized instruments,
for & months with nio
dropouts. Following
bazeline assessment,
including haesmatology and
biochemistry screening,
participants begam an 8-
wieek treatment phase with
micronutrients titrated up
to maximum dose (15
capsules/day). Treatment
was withdrawn for 4 weeks,
reinstated for a further 8
wieeks, and then withdrawn
for 4 weeks. Primany
outcomes included the
Conners' Parent Rating
Srale, the Clinical Global
Impressions Scale {CGl),
and the Strengths and
Difficulties Questionnaine —
Parent version (SD0).
Secondary outcomes were
mood 2nd global
functioning.

hdodified Brinley plots revealed a reduction in
ADHD symptoms, improved mood, 2nd
improved overzll functioning during
intervention phases, and deterioration in
ADHD symptoms, mood, and overall
functioning during the withdrawal phaszes.
Relizble change analyses, Cohen's d and
percent supsriority effect sizes, 35%
confidence intervals and t tests confirmed
clinically and statistically significant change
betwesn the intervention and withdrawal
phases, with large effect sizes observed pre- to
post-exposure of micronutrients (d = 1.2-2.2)
an ADHD symptoms during intervention
phases. Seventy-one percent of participants
showed at least 2 30% decrease in ADHD
symptoms by the end of the second treatment
phiase, and 79% were identified as “much
improved'” ar *“very much improved”’ at the
end of the second phase (5 months) based on
the clinician-rated CGl when considering
functioning generally. The 500 showed that
thiess benefits oocurred across other areas of
functioning incuding emotional symptoms,
conduct problems, and prosccizl behaviours.
The children's self-reports confirmed the
improvements. BExcellent adherence to
treatment ocourred throughout, side effects
wiere mild and transitory, and no safety issuss
wiere identified through blood analyses.

Is the objective of the study explicit? Yes.

Whao is included fexcluded? Included: Farticipants wha met the criteria for ADHD based on the Diagnostic and
Statistical Manual of Meantal Disorders 44 ed_, Text Rewvision {DSM-1V-TR) 2nd the Kiddie Schedule for Affective
Disorders and Schizophrenia for School-Aged Children-Present and Lifetime version, a semi structured interview
conducted with participants 2nd their parents,'caregivers. Participants were also required to have 2n elevated
lewvel aon one or more of the ADHD subscales of the Parent or Teacher Conmers Rating Scale. Excluded:
Participants who initially had abnormal blood work and was unwilling to repeat, who were unable to complets
blood test prior to trizl start, who decided to buy the product independently of the trizl and those who
currently wers taking psychigtric medication.

Randomization? Mo, all participants got the same treatment.

Where all participants given an account for at the end of the trial? Yes.

'Where participants/Study personnel blinded to intervention condition? Mo, this was an open label trial.
Where the groups equal at the start? Mot relevant.

Where the groups treated equally? Mot relevant.

What are the results? Whils taking micronutrients, the grest majority of participants experienced dinically
zignificant reductions in ADHD symptoms, improvermnants in mood, and increasss in oversll functioning that
were reversed when the treatment was withdrawn. Benefit was obzerved across all three sources of
information: parents, clinicians, and the children themsslves.

Is the result clinically significant? Yes.

Where all outcome measures assessed? Yes.

Are the advantages worth the costs/disadvantages? Yes.

‘What do the authors discuss as strengths/weaknesses? Strengths: Research design is recegnized as
sppropriate for establishing treatment efficacy, excellent adherence and no study dropowts. Sample was
reflective of children typically seen in clinical practice with high rate of co-occurring diagnoses and previous
unsuccessful treatment with medications, participants came from diverse socigeconomic status. This enhance
the potentizl of generalization of the reswlts. Weaknesses: A large amount of data was miszing because of
phase changes falling during haolidzys, and other timing factors. Participants, caregivers and clinicians knew
wihen they were tzking and not taking the micronutrient, which means the positive responsz=es given may have
been influenced by expectancy of effect. The contribution of a placebo response to the observed results cannot
be estimated, but 3 convincing reason why a placebo effect is unlikely to explain the entire therapeutic results
is that for most participants, the therapeutic effect was gradual, with the most benefit shown several weeks
sfter starting the micronutrients.

Dio thie authors refer to other literature that strengthens or undermine the results? Yes.

Do the results have plausible biologic explanations? Yes.
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Reference: Fartoy A, Kalliomaki M, Wacklin F, Salminen &, |solauri E. A possible link between early probiotic
intervention and the risk of neuropsychiatric discrders later in childhaod: 3 randomized trial. Padistr Res. 2015

Jun;77(E}:823—8.

Study design: Cohort.

Grade - quality Moderate - IVa

Objective Materials and methods Results Discussion/comments/Chacklist
Ta test the hypothatical Seventy-five infants who ADHD or Asperger syndrome was dizgnosed in & out of 35 |Is the objective of the study explicit? Yes
imvolvement of the Sut BrEin- | were randomized to children in the placebo group by the age of 13 years, and Where the groups of the study recruited from the same population? Yes.
axis in the manifestation of receive Loctobocilius none in the probiotic group. All children with a dizgnosis Where the subgroups selected equivalent to the population at large in terms of their key
il e rhamnosus GG or placebo wiere male, but result remained significant [P=0.02] when characteristics? Yes.
syndrome. during the first & months of |corrected for gender. The number of Bifidobacterium Where the participants representative for a defined population? Yes.
life wers followed-up for 13 |iongum, assessed by gFCR, at the age of 3 months was lower |Where outcome measures assessed similarly in the two subzaroups? Yes.
years. Gut microbiota im the children with neuropsychiatric disorders than in Where the person assessing the result blinded to the group identification? Yes.
Conclusion was assessed at the age of 2 | healthy children (4.35 {3.95-10.40) log/g and 10.12 (2.23— |Where the study prospective? Yas.
Probictic supplementation weeks, 3, 6, 12, 18, 24 10.28) log/g, respectively, P = 0.045). At & months, after Where there an equal distribution of participants lost to follow-up between the two groups? Mo
early in life may reduce the rmonths, amd 13 yesrs using | completing probiotic intervention the mean number of cells |Where eventual attrition bias evaluated? Yes.
risk of neuropsychiztric fluorescein in situ belonging to the genus Bifidobacterium as measured with  |Where the follow-up time long encugh to establish positive or negative outcomes? 'Yes.
disorder development later in| hybridization {FISH) and FISH was significantly lower amang children with Is confounding factors in design, carry out and analysis taken into consideration? Yes.
childhood pessible by QFCR, 2nd indirectly by neuropzychiatric What are the results? At the age of 12 years, ADHD or A% was disgnosed in §/35 {17.1%¢) childran in
“"Ed"m nntﬁnitad_tl:r determining the blood group | disorders than in those without (826 [1.24) log cells/E vs. the placebo 2nd none in the probiotic sroup (P = 0.008). The mean (S0} numbers of Bifidobocterium
gut microbiotacomposition. | oo type atthe age of  |9.12 [0.54) log cells/g, respectively, P = 0.03). At the species bacteria in feces during the first & mo of e was lower in affected children 3.26 [1.24) log
CORTY 13 years. The diagnoses of  |2ge of 18 months, the mean numbers of Bacteroides and cellsfg than inm healthy children 9.12 [0.54) log cellsfg; P = 0.03.
Finland sttention deficit

Year collecting data

Februany 1387 to October
2011

hyperactivity disorder
[ADHD) and Asperger
syndrome [AS) by a child
neurologizt or
p=ychiatrist weas based on
ICC-10 dizgnostic criteria.

Lactobacillus-Enterococous group bacteriz were lower
amang children with ADHD/AS tham healthy children (722
(0.25]

log cellsfz ws. 8.13 (0.51) log cellsfz, P = 0.008; 7.71 [0.73)
log cellsfz vs. 8.40 (0.40) log cellsfs, P = 0.01, respactively.
Furthermore, at the age of 24 months, the mean numbers of
cells belomging to the Clostridium histohytioum group were
lowerer among children with ADHD or AS than in healthy
children, {7.4& (0.44) log cells/g vs. 8.1& (0.55) log cells/g; P =
0.04). Atthe age of 13, thers were no statisticzlly significant
differences in gut microbiota composition, anakysed with
FISH ar gPCR, between children with or without
neurcpsychiatric disorders.

Do you believe the results are true? Yes.

What do the authors discuss as strengthsweaknesses? Strengths: & long follow-up. The gut
microbiota has been analysed comprehensively by FISH and gPCR as well as indirectly by blogd group
secrator type analysis. Weaknesses: The number of dropouts were considerable during the follow-up.
Therefore, the authors cannot discount the possibility that the issue not have bizsed the findings.
Howeever, the number of dropouts was equally divided in the intervention groups and base-line
characteristics of the dropouts and the study finisher were similar, except for duration of exclusive
breast-feeding, demonstrating that these groups were unbizased in almost all of the known factors.

Do the authors refer to other literature that strengthens or undermine the results? Yes.
Is the result climically significant? Mao.
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Reference: Bos 0. Cranje B, vesrhosk ES, Van Diepen RM, ‘Weusten JM, Demmelmair H, et al. faduced
Syrnptoms of Inattention after Dietary Omegs-3 Fatty Add supplementation in Boys
Attention Deficit/Hyperactivity Disorder. Mevropspchopharmacology. 2015 Sepc40) 10):2295—-306.

Study design: RCT

with and without

Grade — quality Moderate - llla

Objective

Materials and methods

Results

Discussion/comments, Checklist

To imvestigate the effects of
dietary supplemsantation on
ADHD symiptomes and
cognitive control incyoung boys
with and without ADHD.

Conclusion

Dietary supplementation with
omega-3 fatty acids reduces
symptomes of ADHD, both fior
individuals with ADHD and
typically developing children.

Country

Thia Metherlands

Year colledting data

Mot knowwn

A0 boys with ADHD and 39 typically
developing boys were recruited.
Children om methylphenidate was
instructed to not take medication 24
howrs before am MRI scan, but they
were allowed to use their meadication
throughout the intervention period.
Intersention was a 16-week double-
blind randomized placsbo-controlled
trial, wherz half of the group with
ADHD received placebo, and the
other half received omega-3 fortified
margaring, and same for the
reference group. Participants were
instructad to consume 10z of
margaring e3ch day and compliznce
was assessed by weighing the
leftover product.

Chesk cell samples were collected to

analyse phospholipid fatty 2cid levels.

Urine samples were collected to
measurs the homovanillic acid o
creating ratio, as prosy for dopaminge
tumnower. Severity and symptomes of
ADHD was measured by checklists
and rating scales. MR were usad to
aszes if the supplementation would
increase activation in prefrontal and
strigtal arsas.

Behaviorzl: Subjects with ADHD
sconed higher on scales for attention
problerns, rule breaking behaviour
and aggressive behaviour then
reference group. Scores on attention
problems were reduced in the group
who recefved supplementation,
comgared to the group who received
placebo {p = 0u011). Group of typically
developing did not show significant
reduction in attention problems
when recsiving active treatment.
Thiare was no significant effect on
rule breaking behaviour or aggressive
bishaviowr.

MRI: Mz effect of distary omegs-3
supplamentation on task
perforrnance or brain activation
during the cognitive control task

Is the objective of the study explicit? Yes

wiho is induded/exduded? included: 40 boys between 8 and 14 years of age with & DEM-I diagnosis of ADHD Only bays, to minirmize
potentizl cofounds. The children with ADHD was either medication naive or using only methylphenidate. 39 typically developing boys
matched to the patiznts age, parentsl 2ducation inyears, hand preference and body miass index 35 2 reference group. Excluded: Children
with ADHD on other psychoactive medication.

Randomization? Double-blind randomized placebo-controlled design. Children with ADHD were randomized into two groups, and this wers
also done in the contral group.

Where all participants given an account for at the end of the trial? yes.
wiere participants/Study personnel blinded to intervention condition? Yes.
where the groups equal at the start? vYes.

where the groups treated equally? Yes

wihat are the results? The study shows that distary supglementation with omega-3 fatty acids reduces syrmiptomses of ADHD, both for
individuals with ADHD and typically developing children. This effect did not appear to be medisted by dopaminergic cognitive control
networks, a5 measures of dopamine turnowver and naurzl activity during cognitive comtrol were unaffected by the intersention. The study
offers support that omegz-3 supplementstion may be an effective augmentation for pharmacological trestments of ADHD.

Is the result dinically significant? Yes.
Where all outcome measures assessed? Yes
Are the advantages worth the costs/disadvantages? Yas.

What do the authors discuss as strengths,'weaknesses?

strengths: Randomized placzbo-controlled double-blind design. The indusion of 2 typically developing reference group to assess whether
sffects were speaific to ADHD.

Weaknesses: In some subjects the quality of the cheek czll =amples did not permit 3 refizble detection of DHA. & small number of
participants with ADHD had changes made to their medication during the intervention, although analysis showed that the intenvention till
held without these subjects. Sample sizes of MBI stwudy were smaller then in the main study a5 3 result of subject miotion.

Do the guthors refer to other literature that strengthens or undermine the results? Yes.
Do the results hawe plausible biologic explanations? Yes.
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Reference: Zhou F, Wu F, Zou 5, Chen ¥, Feng C, Fan G. Dietary, Mutrient Patterns and
Blood Essential Elements in Chinese Children with ADHD. Nutrients. 2016 Jun;B(6).

Study design: Case-control

Grade — quality- Meoderate - [Va

Objective

Materials and methods

Results

Discussion,/comments;/ Checklist

To investigate the association
of dietary and nutrient
|patterns with the risk of ADHD.

Conclusion

The fish-whita meat distary
pattern and mineral-protein
dietary pattern may have
beneficial affects on ADHD in
Chiness children, and blood
zinc may be helpful in
distinguizhing ADHD in Chinase
children.

Country

Chinz

vear collecting data

Mot known

Farticipants wers recruited
from the Jiang:d Provincial
Children's Hospital, from
children attending pasdiatric
clinics for health care and
ADHD asseszment. all the
children were of Chinzse
Han nationality, agad 5-14
years at the time of the
irvestigation and fulfilled the
CEMA-IV-R criteria of ADHD.
Participants were excluded if
there were any evidence of
prenatal insults, sutism,
Asperger syndrome,
epilepsy, schizophrenia,
affective disorder persasive
developmental disorder, and
mental retardation. The
contral children were
ramdomly sebectred from
children recsiving routine
health care at the sams
clinics.

The authors identified four major distany
patterns and fiour major nutrient patterns for
Chinesa children. A fish-white meat distary
pattern rich in shellfish, deep water fish, whitz
mezt, freshwater fish, fungi and zlzas and
OrEAN mest was inversely associzted with
ADHD. Further analysis found that @ mineral-
protein nutrient pattern rich in zing, protein,
phosphorus, selenium, calcium and riboflavin
was inversely associzted with ADHD.
Additionzlhy, the blood zinc was also
negatively related to ADHD.

Is the objective of the study explicit? Yes.

Is the case-control design switable for the objective? Yes

Are the cases recruited in a expedient way to elude selection bias? Yes

Is the dizgnosis validated? Yes

Are the controls recruited in an expedient way? fas

can it be ruled out that the control group have the disease in question? Yes

Where the groups selected from similar populations? Yas

where there any differences betwesn the two groups non-responders? Mo

Where the two groups comparable on important confounding factors? Yes and no

Is the primary exposure validated? yYes

Where the groups treated equally? Yes

Hawe the authors taken consideration to confounding factors in the design/analysis? I1s the exposure for danger, harm and action
measured and graded in a similar way in both groups? yes

where the person collecting data blinded to who were case and who were control? Yes

Do you believe in the results? Yes

Can the results be transferred to practice? ves

Does the literature support the results? Yes

what do the authors discuss as strengthsf'weakneszes? Weaknesses: several lifestyle factors and other risk factors for ADHD were
significantly different between the case-groups and the control-groups. it was adjusted for using statistical analysis, but residusl
confounding was still unavoidable because of mezsurement ermors and missing sdjustments for saveral unmeasurad factors. Food

frequency questionnzire are known tooontsin 8 certain degree of measurement error. The four major distary patterns derived from the
data of the study only 2xplained 32, 5% of the totzl variance, suggesting the existence of other distary patterns. Hospital-based controls are

prone to selection biss.
Do the results have plausible biologic explanations? Yes
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