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ABSTRACT

Background: For over forty years diet interventions have been investigated as a treatment of ADHD
in children and adolescents and, with the new discoveries of the microbiota-gut-brain axis, this
research becomes more relevant than ever. The aim of this systematic review was therefore to investi-
gate the current knowledge of diet interventions as a treatment of ADHD in children and adolescents
Methods: A systematic literature search in PubMed was conducted, identifying randomized controlled
trials investigating diet interventions to treat ADHD in children and adolescents.

Results: The study populations were generally small and the studies varied in duration and nature of
the exposure. Overall 10 out of 12 studies spoke in favour of an elimination diet, 2 out of 6 of elimi-
nating artificial food colourings from the diet and none in favour of eliminating sucrose or aspartame
from the diet to treat ADHD.

Conclusion: The current evidence is not enough to recommend treating ADHD with diet interven-
tions, but a subgroup of children and adolescents might warrant from elimination of certain food-
items. Further investigations of the mechanism and effect of diet interventions to treat ADHD
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is needed.

Introduction

Attention deficit hyperactivity disorder (ADHD) is a behav-
ioural disorder affecting approximately 5% of all children [1].
The disorder is multifactorial and considered heritable but
also associated with non-heritable risk factors. The mechan-
ism by which these genetic and non-heritable risk factors
interact and cause ADHD remains unknown, making ADHD
challenging to treat [2].

In Denmark, ADHD in children and adolescents is most
often treated with a combination of pharmacological treat-
ments and psychosocial interventions [3]. Though, several
alternative treatments have been investigated, including diet
interventions.

In the seventies Ben F. Feingold proposed that the
Feingold diet (FD), also called the Kaiser Permanente diet [4],
eliminating salicylates and artificial food colourings (AFC) and
flavourings, could improve behaviour and learning in chil-
dren with hyperkinetic behaviour and learning disabilities [5].
Since then, other diets consisting of elimination of different
foods have been suggested, based on the theory that some
children are more sensitive to certain foods and that this
sensitivity could cause ADHD symptoms [6]. This has led to
the development of a restricted diet, called the oligoanti-
genic diet (OAD), consisting of few food items to avoid items
that are believed to cause symptoms [7,8]. Though different,
these diets are all eliminating food items and can therefore
be referred to as a collected group of elimination diets.

Sugar has through anecdotes also been associated with
hyperactivity in children [9]. A substitute for sugar is the
sweetener aspartame, that consists of methanol, phenylalan-
ine and asparteic acid [10]. Asparteic acid acts as an excita-
tory neurotransmitter and phenylalanine is suspected of
altering the concentration of neurotransmitters in the brain,
such as the monoamines dopamine and serotonin, by vari-
ous mechanisms [11-13]. These observations have led to the-
ories of whether or not aspartame elimination can reduce
ADHD symptoms.

Though research of diet interventions as a treatment of
ADHD has been conducted since the seventies, the new find-
ings of a possible bidirectional connection between the brain
and the gut microbiota [14-16], and possible association of
the microbiota to autism spectrum disorder, depression and
anxiety [17-19], warrant new investigations of dietary treat-
ment of ADHD.

This systematic review will therefore investigate the cur-
rent knowledge of diet interventions as a treatment of ADHD
in children and adolescents.

Methods
Data search

The studies were identified using the predefined search
string: (ADHD or hyperactivity or hyperkinetic syndrome)
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AND (children or youth or adolescents) AND (randomized
controlled trial or RCT or clinical trial) AND (diet or diet inter-
vention or food or nutrition or food colours). The search was
conducted in PubMed in February 2020 and restricted to
articles in English, but with no restrictions as to the date of
publication. Supplementary studies were also identified by
hand search of references in relevant articles. All records
were screened by title and abstract by both raters, and the
possibly eligible articles were read in full text. The articles
fulfilling the eligibility criteria were then included in
the study.

Eligibility criteria

To be eligible a study had to be a randomized controlled
trial and had to be investigating the efficacy of a diet inter-
vention as a treatment of ADHD in individuals <18years of
age. To focus on diet interventions, supplements such as
omega fatty acids, amino acids, vitamins and minerals
were excluded.

The outcome of the studies had to be an effect on ADHD
symptoms; several different tools could measure this.
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Data collection

For each article included, the following data were collected:
Name of first author and year of publication, number of par-
ticipants, age of participants, outcome measure, intervention
and result of the study.

Risk of bias in the individual studies was evaluated using
the RoB 2 tool [20]. This tool is used to estimate the risk of
bias depending on the randomization process, assignment to
intervention, starting and adhering to intervention, missing
data, measurement of outcome and selection of the reported
result [20]. Based on these subsidiary scores, a final score
was given to each study (low risk, some concerns, high risk).

Results

The search string identified 252 studies and the hand search
identified 6 studies (Figure 1). After reading through the
titles and abstracts, 36 articles were selected for full-text
assessment. Twenty-two studies were found eligible and
included, with one article containing 2 separate included
studies [21].

c
o
ﬁ Records identified through Additional records identified
= database searching using PubMed through other sources
£ (n=252) (n=6)
©
—— ‘ y
— Records after duplicates removed
(n =258)
B0
®
o Records with titles and Records excluded due to
R abstracts screened not fulfilling the criteria
(n=258) — based on titles and
abstracts
— (n=222)
=== ‘
Full-text articles assessed Full-text articles excluded,
F for eligibility » with reasons
‘S (n=36) (n=15)
% 3 = for not investigating
effect on ADHD core-
) symptoms
) Studies included in 6 = for not being
qualitative synthesis randomized controlled
) (n=22%) trials
6 = for not investigating
o children with ADHD
=
3
2
= From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2008). Preferred Reporting ftems for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. goi;10.1371/journal.pmed1000097
——

*One article contained 2 studies, therefore 22 studies in 21 articles

Figure 1. Prisma Flow Diagram.
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Of the studies excluded, 3 were excluded for not investi-
gating effect on ADHD symptoms, 6 for not being random-
ized controlled trials and 6 for not investigating children
with ADHD. The raters were in agreement about the
included and excluded studies.

Elimination diets

Table 1 summarizes the 12 studies investigating elimination
diets as a treatment of ADHD.

Three of them explored what they called an elimination
diet (ED) [27,29,30], four the Feingold diet (FD) [22-25], three
the oligoantigenic diet (OAD) [7,8,28], one investigating an
Alberta Children’s hospital (ACH) diet, similar to the FD [26]
and one investigating recommending avoidance of unfav-
oured and encouraging favoured foods [31]. Three of the
studies were parallel-group trials [29-31], the remaining were
crossover studies.

Overall, all studies except one [25], spoke in favour of an
elimination diet and reported an effect of the diet on ADHD
symptoms [7,8,22-24,26-31] (Figure 2).

Four studies were challenge studies, where individuals
adhering to a diet were reintroduced to incriminated foods
[7,8,25,27]. Two were conducted in children with ADHD
responding to an OAD [7,8], where both found that antigenic
foods affected behavioural ratings negatively compared to
placebo [7,8]. Interestingly, in the study by Egger et al. [8]
the placebo scores were higher when the placebo preceded
the antigenic food compared to when reversed. .

A study in children with ADHD responding to an ED
found an increase in parent scores of hyperactivity associated
with the challenge with incriminated foods [27].

The only study with overall negative findings was also a
challenge study, investigating children with a parent-
reported response to the FD, finding no significant deterior-
ation in symptoms associated with FD violating snacks [25].

Seven of the studies compared diet interventions to con-
trol diets [22-24,26,28-30].

Two of them with the diet interventions conducted in a
controlled manner. One study investigated the OAD in chil-
dren living in the hospital, and found significant improve-
ment in ADHD symptoms on the OAD [28]. The other study
delivered packaged food to be heated at home and saw a
positive response in 42% of children [26]. Two were parallel
trials where the parents had to prepare the meals according
to instructions, and they were therefore not blinded [29,30].
Both studies showed an effect of the ED according to the
un-blinded parents [29,30], and one also an effect according
to a blinded paediatrician [30]. The mentioned lack of a
blinded assessment in the Pelsser et al. [29] study, is the rea-
son why it was classified as in high risk of bias, as there is
risk of the outcome being based on knowledge of the
intervention.

The last study compared children receiving methylphenid-
ate to children receiving both methylphenidate and dietary
recommendations. The dietary recommendations consisted
of a list of favoured and unfavoured foods. No significant
change in un-blinded scores of ADHD symptoms was found

when comparing the groups, but there was a negative asso-
ciation between inattentiveness scores at the end of the
study and the mean change in diet scores based on the list
of favoured and unfavoured foods [31].

Three of the studies had results where parent ratings and
teacher ratings differed [22-24]. Two studies found only an
effect of the diet in parent ratings [23,24]. One of them with
the parent ratings depending on the order of the diets, with
a larger effect of the FD when the control diet preceded the
FD [23]. The other by Eich et al. [24] found that the FD was
significantly effective in mother-ratings, but it was possible
that the mothers through the dietary instructions had fig-
ured out which was the FD and which was the control diet.
This also caused the study to be classified as in high risk of
bias, due to the risk of classification of outcome based on
intervention (Table 1).

In contrast, the last study found that the FD gave a sig-
nificant reduction in teacher ratings and not parent ratings
[22]. But similar to the Harley et al. [23] study, the bulk of
the positive changes occurred in the group randomized to
start with the control diet.

Analysis of the risk of bias in the individual studies
(Table 1) revealed that two studies were at a low risk of bias
[7,8]. Six studies were considered to be associated with some
concerns [22,23,25,26,28,30].

The remaining four studies were considered to be associ-
ated with a high risk of bias [27,29,31]. One of these studies
was classified as such due to doubt as to whether or not
there was any randomization [27]. Three were classified as
such due to blinding issues [24,29,31].

Artificial food colourings

Table 2 summarizes the results regarding elimination of AFCs
as a treatment of ADHD. Six studies fulfilled the criteria for
inclusion. All six were crossover challenge studies in children
on a diet without AFCs [21,32-35]

Goyette et al. [21] conducted 2 challenge studies. In the
first they found no significant difference in hyperkinetic
symptoms, but younger children demonstrated more symp-
toms when challenged and symptoms tended to occur ear-
lier than the evaluation of the children. The second study
was therefore conducted like the first, but in younger chil-
dren and with earlier assessment of the outcome, resulting
in significant deterioration in parent scores during the AFC
challenge compared to placebo [21].

The challenge study by Williams et al. [32], tested AFCs
compared to placebo in combination with either medication
to treat ADHD or placebo, and found that the most effective
treatment combination was a combination of medication
and no AFCs. This positive effect was only present in parent
scores and not the teacher ratings. Contrarily the teacher rat-
ings showed significant effect of no AFCs when the child did
not receive medication.

No association was found in a fourth study, where they
investigated the effect of AFCs on classroom behaviour [33].

One study tested only with the yellow AFC tartrazine, and
found no significant deterioration during the tartrazine
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Diet Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI  Year IV, Random, 95% CI
2.1.1 Parent Scores
Egger 1985 -17.4465 4.418 28 -11.9714 5.447 28 12.6% -5.48 [-8.07, -2.88] 1985 —_—
Kaplan 1989 -3.7 5.8694 24 -1.4 5.7983 24 11.8% -2.30 [-5.60, 1.00] 1989 —
Carter 1993 0.7 10.6794 19 5.8 11.9206 19 7.4% -5.10 [-12.30,2.10] 1993 =
Boris 1994 -16.8 8.4315 16 -6.9 7.0838 16 9.3% -9.90 [-15.30, -4.50] 1994
Pelsser 2009 -14.2 8.1259 15 1.1 2.0461 12 10.6% -15.30[-19.57, -11.03] 2009 S
Pelsser 2011 -12 9.1486 50 0.1 2.815 S0 12.5% -11.90[-14.55, -9.25] 2011 s
Subtotal (95% CI) 152 149 64.2% -8.37 [-12.45, -4.30] i
Heterogeneity: Tau® = 21.11; Chi® = 35.67, df = 5 (P < 0.00001); I* = 86%
Test for overall effect: Z = 4.03 (P < 0.0001)
2.1.2 Teacher Scores
Schmidt 1997 -0.1 9.2358 49 0.6 10.0128 49  11.2% -0.70 [-4.51, 3.11] 1997 —
Pelsser 2009 -11.7 5.1722 10 -0.4 2.4869 7 11.3% -11.30[-15.00, -7.60] 2009 —_—
Pelsser 2011 -6.6 5.0987 37 0.8 1.8761 40  13.3% -7.40 [-9.14, -5.66] 2011 ——
Subtotal (95% CI) 96 96 35.8% -6.53 [-11.47, -1.60] -‘-
Heterogeneity: Tau? = 16.45; Chi® = 15.88, df = 2 (P = 0.0004); P = 87%
Test for overall effect: Z = 2.59 (P = 0.010)
Total (95% CI) 248 245 100.0% -7.72 [-10.55, -4.88] ‘

g 2 . :2 .12 I I I i
Heterogeneity: Tau? = 14.89; Chi* = 52.68, df = 8 (P < 0.00001); I* = 85% 30 o ) 10 20

Test for overall effect: Z= 5.34 (P < 0.00001)
Test for subgroup differences: Chi? = 0,32, df =1 (P = 0.57), I = 0%

Dietary effect No dietary effect

Figure 2. Forest plot of elimination diet vs placebo, outcome: change from baseline abbreviated conner’s scores.

challenge, even though mothers reported an improvement
during 4 weeks of ED [34]. The last study similarly found no
difference in blinded parent, teacher, psychiatrist or psych-
ologist scores when ingesting AFCs, even though it was con-
ducted in a group of children with parent reported dramatic
deterioration when receiving AFCs [35].

All six studies were found to be associated with some
concerns in relation to the risk of bias [21,32-35] (Table 2),
this mostly due to a lack of reporting of the process of ran-
domization and the data analysis performed.

Overall, two studies reported an association between
ADHD symptoms and artificial food colorants [21,32] while
four studies found no association [21,33-35].

Sucrose and aspartame

Table 3 summarizes the results regarding elimination of
sucrose or aspartame from the diet as a treatment of ADHD.
Four studies were included, all were challenge studies, and
none of the studies found a significant effect of sucrose or
aspartame on symptoms of ADHD [9,36-38].

Two of the 4 studies were conducted by the parents in
the home [9,38] and 2 were conducted in a laboratory or
hospital setting [36,37].

Two of the studies compared sucrose to placebo in the
form of aspartame [36,37]. One, conducted during a day-
treatment programme, found no difference in behaviour dur-
ing the two days of sucrose-sweetened drinks compared to
the two placebo days [37]. The other, conducted in children
with parent reported adverse reactions to sucrose, similarly
found no difference when evaluating behaviour and cogni-
tion. Here they also found that it was independent of fasting
status of the children [36].

One study by Gross [9] compared sucrose to placebo in
the form of saccharine in children with mother reportings of
sugar causing the child’s symptoms. They found no differ-
ence in behaviour ratings.

The last study by Shaywitz et al. [38] compared the sweet-
ener aspartame to placebo and found no significant

difference in behaviour, cognition or monoamine metabolism
between the two.

In the analysis of bias, three of the studies were found to
be associated with some concerns [9,36,37]. This was mostly
due to a lack of reporting of the randomization process. One
study was judged to be at a low risk of bias [38].

Discussion

Overall, most of the studies were of older date and had vary-
ing duration and nature of exposure. All, but three [29-31],
were crossover studies, which increases the risk of a carry-
over effect of a diet intervention to a following placebo
period. In general, interpretation of the results of all studies
should be done with care as they were all generally done in
small study populations (Tables 1-3).

We identified no studies conducted after 2015. Our search
string revealed that the studies conducted after 2015 have
shown a trend towards investigating the effects of supple-
ments such as omega fatty acids as a treatment of symptoms
of ADHD.

Elimination diets

The diets were labelled as the FD [22-25], OAD [7,8,28], the
ACH diet [26] or ED [27,29,30] and one diet intervention con-
sisted of recommendations of favoured and unfavoured
foods [31]. This makes it hard to compare the individual diet
interventions, as they varied in the exact contents. Of note is
also that not all studies were completely blinded [29-31].

In all four of the challenge studies, only children who
responded to a diet eliminating the challenge item were
investigated [7,8,25,27]. This could mean that the external
validity of the studies could be limited to a potential distinct
group of children with a diet responsive ADHD.

Of further note is that one of the Pelsser et al. [30] studies
recruited children through media announcements. This could
cause recruitment of families especially interested in diet
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interventions and cause bias as the study also used
unmasked parent ratings.

The masked study by Adams [25] investigating children
who were reported by parents to benefit from the FD, found
that the results of their masked challenge did not show a
significant change in behaviour of the children. This could
point towards that in general, any parent report of response
to a diet should be interpreted with care.

However it is important to note that in the Pelsser et al.
[30] study a blinded paediatrician also observed an effect.

Four of the studies showed a difference in parent and
teacher observed effects [22-24,32]. One of those studies
had a greater reduction in ADHD symptoms in teacher scores
[22], and two had a greater reduction in parent
scores [23,24].

The observed effect by the parents in the Eich et al. [24]
study, could be due to the difficulties in blinding the parents
to the diet intervention. The parents could have figured out
whether or not their child was randomized to the FD based
on the instructions for the diet and their potential know-
ledge of the FD [24]. When the parents later scored the
behaviour of the children, the possible knowledge of the
intervention could have affected their reporting of
the outcome.

However it is possible that the overall variance in effect
observed by parents and teachers could be due to chance,
as the number of children investigated in the 4 studies var-
ied from 16 to 28 children (Table 1). But other than chance,
it could be due to the different structures and situations
associated with the home and the classroom, or maybe the
timing of potential medication. This might be because a
potential morning dose of medication could have a larger
impact during the day and therefore, the true effect of the
diet is only visible to the teacher when the effect of the
medication is not present. This of course also presumes that
medication is superior to diet in treating ADHD.

This theory is consistent with the findings in the study
Conners et al. [22] where the ADHD medication was discon-
tinued before the study and only teachers reported a signifi-
cant dietary effect. However, in the study by Harley et al.
[23] where medicine was also discontinued, only the parents
noted a significant effect of the diet.

Any possible association between medication and teacher
ratings can probably not alone explain the discrepancies
found between parent and teacher ratings in the studies.

Of further note is that the study by Harley et al. [23] also
showed an order-effect, where the efficacy of the diet inter-
vention proved greater when the control diet was random-
ized to occur before the FD [23]. The same order-effect, with
the bulk of the significant effects being seen when the con-
trol diet came before the FD, was seen in the study by
Conners et al. [22]. Another example is the study by Egger
et al. [8] where the Conner’s scores were greater during the
placebo period if this was placed before the challenge.

It is possible that this could be due to chance as the stud-
ies ranged from 15 to 28 children. But it does raise concern,
as the higher early placebo score of ADHD symptoms could
be caused by the parents getting used to the symptoms of
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their child with the repeated scoring. The result of the pos-
sible order effect could be an overestimation of the effect of
the later diet intervention.

It is also possible that a lower placebo score when the
control diet followed the diet intervention could be due to a
carry-over effect by the intervention. Although, this would
not account for the effect in the Egger et al. challenge study
as any carry-over effect should cause a deterioration in pla-
cebo scores if this was after the challenge.

If an elimination diet has an effect on the symptoms of
ADHD, as most of these studies suggest, then what causes
it? As mentioned earlier, the effect of a diet eliminating cer-
tain foods has been suggested to be through hypersensitiv-
ity, causing a distinct type of food responsive ADHD [6]. It
has been suggested that this association could be allergic
but no association between atopic disease or asthma and
ADHD has been found, and therefore this theory has been
questioned [39,40].

Other than allergy, maybe the deterioration in ADHD
symptoms could be caused by discomfort due to bodily
symptoms causing the child distress. Rapp et al. [41] investi-
gated the effect of an ED on hyperactivity symptoms and
other symptoms in non-asthmatic children with a hyperactiv-
ity diagnosis, and found that gastrointestinal symptoms,
muscle pain and headaches had moderately to markedly
improved in 15 of 23 children, while hyperactivity symptoms
improved in 12 of 23 after one week of an ED. Whether or
not these groups were overlapping is not clear. Another
study found that sleep and physical complaints significantly
decreased in children with ADHD on an ED, with a further
positive correlation between behavioural symptoms and the
reduction of physical symptoms [42].

Lastly, in relation to the ED interventions, it should be
mentioned that in the two studies by Pelsser et al. and the
study by Ghanizadeh et al. the diet intervention was com-
pared to no diet intervention [29-31]. This could mean that
possible extra attention associated with a diet intervention
and added structure of the every day life might influence
the results. This could also be part of why the study by
Adams [25] found no association, even though the parents
had reported that the children had responded to the FD at
home. Maybe the positive effect observed at home, was due
to the possible structure and extra attention associated with
a diet intervention and not the diet itself.

Artificial food colourings

The studies investigating AFCs also varied greatly in relation
to the nature of the challenge and dosage and agent that
the children were challenged with.

It is possible that some children are more sensitive to
AFCs than others. Though the results from the Levy et al.
[34] study were generally negative, they did find that some
children seemed to react more to the challenge with AFCs
than others.

But what could make some children more sensitive to
AFCs than others? In the first experiment by Goyette et al.
[21] where the mean age of the participants was 8.3 years,
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they found, when dissecting the data, that younger children
tended to demonstrate a larger response to AFCs. In the
second experiment they investigated younger children
(mean age of 5.3 years), and found a significant difference in
behaviour between the AFC and the placebo challenges [21].
However, they also measured the effect at an earlier time
after the challenge than in the first study, and this could also
have affected the results. But one could still question
whether or not the sensitivity to AFCs in children with ADHD
is age dependent. A study that further supports the theory
of younger children being more susceptible to adverse
effects of AFCs is a study by Bateman et al. [43]. They
showed that 3-year-old children, receiving a diet eliminating
AFCs and benzoate preservatives, had significant reductions
in hyperactive behaviour and they also found significant
increases in hyperactive behaviour associated with reintro-
duction in a double blind crossover study [43]. This study
was not conducted in children with ADHD, suggesting that
younger children in general might be more sensitive
to AFCs.

An explanation for why AFCs are linked to hyperactivity,
could be that children with ADHD are more prone to ingest-
ing foods with AFCs compared to children without ADHD
and therefore not because AFCs cause ADHD. A study from
1975 investigated the weekly ingestion of food additives in
hyperactive boys compared to boys from the general popu-
lation and found no significant difference in the ingestion
between the two groups [44]. The same study also found
that the ingestion of food additives was independent of
whether or not the hyperactive boys received medication for
their hyperreactivity [44].

Sucrose and aspartame

Comparing these studies should be done with caution as
only one compares aspartame to placebo [38], two studies
sucrose to aspartame [36,37] and one sucrose to saccharine
[9]. This makes it difficult differentiate the effect of either
intervention and to compare the effects observed.

As mentioned previously, it has been indicated that aspar-
tame could affect monoamine metabolism in the brain. The
study by Shaywitz et al. [38] measured not just the effect of
aspartame on cognition and behaviour but also, through
measurements in blood and urine, the effect on neurotrans-
mitter metabolism. There was no indication in these periph-
eral measurements that aspartame affects brain
neurotransmitter metabolism [38].

As the studies were generally small (Table 3), hypersensi-
tivity in some children with ADHD to sucrose or aspartame
might still exist, but in a rarity that leads to it not being
detected in studies of these sizes. As an example, in the
study by Milich and Pelham [37] the investigators went
through the results again and here both evaluators identified
one boy that might react adversely to sucrose in 4 of
25 measures.

Overall none of these studies suggest that symptoms of
ADHD are significantly increased when ingesting sucrose
or aspartame.
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One explanation for the anecdotal theory that children
with ADHD exhibit deterioration in symptoms when ingest-
ing foods containing sucrose or aspartame could be caused
by the situations in which they are ingested. These foods
could more often be ingested in non-structured settings
such as children’s birthday parties or for example trips to the
circus, and therefore any association between these foods
and any deterioration in behaviour might be due to the dif-
ference in setting rather than the diet.

Another theory could be that a higher intake of sugar is
seen in children with ADHD compared to children without
ADHD, leading to the belief that it causes the symptoms. A
theory supported by a recent study showing that intake of
sugar-sweetened beverages was higher among children with
ADHD than children without [45].

Conclusion and perspectives

Overall, the current evidence is not enough to warrant a rec-
ommendation of diet interventions to treat ADHD, but the
evidence presented could indicate that some children with
ADHD, maybe certain age groups, could warrant from elimin-
ation of some food items.

This however would need to be further investigated in
well-conducted, reproducible double-blinded studies. Future
investigations should also include research into how any sen-
sitivity to food items may arise, such as a possible relation to
the gut microbiota.
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