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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is a common diagnosis in children, which may persist into adult-
hood. Short-term benefits of pharmacological treatment have been shown, but concerns regarding long-term
efficacy and safety have led to a search for alternative treatments. Nutrition may be an important factor in psy-
chiatric disorders. At group level, food bioactives do not appear to play a significant pathogenetic or therapeutic
role in ADHD. Benefits of treatment with omega-3 fatty acids, vitamins and minerals may be confined to individu-
als deficient in these micronutrients. Dietary patterns may be of greater importance than individual nutrients.
However, both diet and consumption of certain nutrients may be precursors or consequences of ADHD. The con-
troversy surrounding the clinical and pathogenetic heterogeneity of ADHD complicates the assessment of food
bioactives. The identification of a potential role of food bioactives in ADHD is hindered by the ill-defined nature
of the disorder and the lack of biological markers underpinning its validity. The therapeutic efficacy of food bio-
actives cannot be tested by evaluating their effect on the pathophysiology of ADHD but only by observing their

effects on symptom severity.
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1. Introduction

ADHD is a diagnostic category described in the Diagnostic and
Statistical Manual of Mental Disorders (DSM) of the American
Psychiatric Association (American Psychiatric Association, 1994,
2013a) and is one of the most common psychiatric diagnoses in
childhood and adolescence. Substantial comorbidity of ADHD
with other psychiatric disorders exists. The prevalence of ADHD
has been estimated to be 5.29% of the world’s childhood popu-
lation (Polanczyk et al., 2007). Significant variability in rates of
ADHD in various studies has been claimed to be due to meth-
odological problems rather than differences in the actual distribu-
tion of ADHD (Polanczyk et al., 2007). It is widely assumed that
ADHD is a neurodevelopmental disorder, which begins in child-
hood and can persist into adulthood. The findings of longitudinal
studies suggest that two-thirds of youths diagnosed with ADHD

will continue to present with symptoms of ADHD in adulthood.
Medication and behavior therapy have been demonstrated to
yield short-term symptom reduction in children, adolescents, and
adults with ADHD. Psychostimulants can improve attention and
reduce activity levels in children in the short term, but they have
little impact on academic performance or quality of life (Kortekaas-
Rijlaarsdam et al., 2018; Loe and Feldman, 2007), and initial symp-
tomatic effects are not sustained on long-term follow-up (Jensen et
al., 2007; Swanson et al., 2017). Tolerance to stimulants may de-
crease treatment efficacy in the course of long-term use (Wang et al.,
2013). The uncritical expansion of the use of ADHD medications
into the treatment of adults based on the findings in children has
been criticized (Bijl, 2014, 2018). The maturing brain depends on
critical developmental processes and is therefore sensitive to phar-
macological interventions (Swaab and Boer, 2001). A careful analy-
sis of the safety of ADHD medication in children and adolescents is
therefore needed. The administration of common ADHD medica-
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Table 1. Problems surrounding a role of food bioactives in ADHD

General problems of ADHD research

No biological or neuropsychological markers; no evidence of brain disorder.

Diagnosis based on subjective assessment of symptoms.

Validity and reliability of descriptive approach to diagnosis?

Overdiagnosis of ADHD due to nonspecific attention problems.

High rates of comorbid disorders.

Heterogeneous and non-representative study samples.

Summary: ADHD is an ill-defined and clinically heterogeneous condition.

Findings on medication in ADHD

Short-term improvements in ratings of core symptoms.

Assessment of effects only on symptoms, not on pathophysiology.

Concerns regarding effects on clinically and ecologically relevant outcome measures.

Concerns regarding long-term efficacy (>12 weeks).

Decreased efficacy of long-term use due to tolerance?

Concerns regarding long-term safety; adverse events in adults?

Summary: Inconclusive evidence of benefits and harms of medication; alternative treatment options needed.

Findings on food bioactives in ADHD

Omega-3 fatty acids, vitamins, and minerals are main bioactives analyzed.

Correlations between food bioactives and presence or severity of symptoms (causality?).

Several limitations of available studies.

No long-term randomized controlled treatment trials available.

No evidence of a role of single bioactives in pathogenesis or treatment of ADHD.

Benefits of certain food bioactives confined to people with micronutrient deficiencies?

Optimal dosages, combinations, and durations of administration?

Critical phases of brain development for bioactives?

Use of outcome measures including functioning, quality of life, and adaptive skills needed.

Large-scale, prospective, randomized controlled trials of food bioactives needed.

Dietary patterns may be of greater importance than individual nutrients.

Summary: Inconclusive evidence of role of individual food bioactives; dietary patterns and interaction with other lifestyle factors may

be more important.

tions may be associated with various adverse effects as serious as
growth retardation and severe cardiovascular events (Lange, 2017a,
2018a; Storebg et al., 2018; Swanson et al., 2017). The present state
of information based on randomized controlled trials may indicate
that pharmacotherapy for ADHD should be administered with cau-
tion or even discontinued after a period of 12 weeks (Lange, 2018a)
and alternative treatment strategies should be explored.

The major points discussed in the present viewpoint are sum-
marized in Table 1.

2. Dietary patterns and food bioactives in ADHD

Nutritional and dietary approaches to the treatment of mental dis-

orders have attracted considerable scientific interest in recent years
(Sarris et al., 2015), and several food bioactives, with roles in the
support of brain function, have been postulated to play an impor-
tant role in the etiology and treatment of mental disorders (Marx
et al., 2017). A sufficient supply of nutrients during brain devel-
opment is critical. Dysfunctioning of the prefrontal cortex, which
continues to develop until adolescence, is believed to be involved
in the pathogenesis of ADHD, and diets deficient in essential nutri-
ents may contribute to the occurrence of ADHD symptoms (Glanz-
man, 2009). Food bioactives that have been linked to the etiology
or pathophysiology of ADHD and claimed to be of potential thera-
peutic use are vitamins, trace elements, and polyunsaturated fatty
acids (PUFAs).

Several studies have examined the role of whole diets and di-
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etary patterns in ADHD. For example, in a large population-based
cohort study, it was found that a higher score for a ‘Western” di-
etary pattern was associated with ADHD diagnosis after adjusting
for known confounding factors, while ADHD diagnosis was not
associated with a ‘healthy’ dietary pattern (Howard et al., 2011).
A case-control study found that a fish/white meat dietary pattern
was inversely related to ADHD in children and adolescents with
ADHD (Zhou et al., 2016). An inverse association was also ob-
served for a nutrient pattern rich in zinc, protein and other miner-
als (Zhou et al., 2016). An increase in the prevalence of ADHD
diagnosis was associated with low adherence to a Mediterranean
diet (Rios-Hernandez et al., 2017). A positive correlation between
hyperactivity and the consumption of processed meat and salty
snacks was reported, while a negative correlation was found be-
tween hyperactivity and the intake of vegetables, coarse cereals,
aquatic foods, beef, mutton, and milk (Liu et al., 2014). The obser-
vational designs used in the above studies allow no conclusions re-
garding causal relationships between dietary patterns and ADHD.
For example, preference for certain diets could be a consequence
of ADHD behaviors. In addition, many interactions and overlaps
exist between diet, nutrition and other lifestyle factors, such as
physical activity (Lange 2018b, c). For example, significant cog-
nitive benefits in people on a Mediterranean diet (Valls-Pedret et
al., 2015) were found in highly active people living in a Mediter-
ranean culture. Such findings limit the external generalizability of
the findings on diet.

Omega-3 fatty acids are structural and functional compo-
nents of cell membranes, which play an important role in brain
functioning. In view of dietary patterns in Western countries,
with high amounts of processed foods containing low levels of
omega-3 fatty acids, a discrepancy between desirable and actual
consumption of bioactives in both children and adults could be
expected (see Lange, 2017b; Lange et al., 2014a, 2017). Trials
assessing the therapeutic efficacy of omega-3 PUFAs were con-
ducted in ADHD sufferers with decreased blood levels of these
compounds (Lange et al., 2014a). A systematic review of meta-
analyses of double-blind placebo-controlled trials showed that
the effect sizes for PUFA supplementation were small in regard to
the ratings of ADHD symptoms by parents and teachers (Pelsser
etal., 2017). A recent randomized placebo-controlled trial evalu-
ating the efficacy of omega-3 PUFAs in children and adolescents
with ADHD over three months found that the total reduction in
an ADHD rating score was significantly greater in the placebo
group than in the PUFA group (Cornu et al., 2018). Moreover, the
pooling of these data with previously published results demon-
strated no overall effect of omega-3 PUFAs on ADHD symptoms
(Cornu et al., 2018).

Several mechanisms explaining a relationship between ADHD
and micronutrients have been proposed. Various vitamins and min-
erals serve as important cofactors of enzymes required in the meta-
bolic steps involved in the synthesis, uptake, and breakdown of
neurotransmitters in the brain. Metabolic dysfunction associated
with a reduction in the availability of vitamin and mineral cofac-
tors is a possible mechanism underlying psychiatric symptoms
(Ames et al., 2002). Multinutrient supplementation may provide
sufficient cofactors to saturate even enzymes with significantly re-
duced activity and thus restore undisturbed function (Ames et al.,
2002). Improved energy metabolism has also been hypothesized as
an explanation for the effects of nutrients on the brain (Arnold et
al., 2007). It is unclear whether vitamin (e.g. B vitamins) or miner-
al (e.g. zinc, magnesium, iron) deficiencies are, in fact, involved in
the pathophysiology of ADHD, and the evidence regarding thera-
peutic efficacy of their supplementation is inconclusive (e.g. Hariri
and Azadbakht, 2015; Lange et al., 2017).

3. Limitations of studies investigating food bioactives in ADHD

Observational studies demonstrating correlations between food
bioactive levels (e.g. in blood serum) in individuals with ADHD
and the presence or severity of ADHD symptoms may help gener-
ate hypotheses regarding associations but do not allow any conclu-
sions on causality. Several studies on food bioactives in ADHD
have used study designs lacking an appropriate control group.
Thus, any effects observed may simply be a result of the placebo
effect. Randomized controlled trials are the gold standard in the hi-
erarchy of evidence regarding the efficacy of therapeutic interven-
tions (Devereaux and Yusuf, 2003). Such long-term randomized
controlled trials assessing food bioactives in ADHD are largely
absent.

Other major limitations of the available studies on food bioac-
tives in ADHD are relatively small sample sizes, varied sampling
procedures and inclusion criteria as well as multiple assessment
methods. Studies assessing the effects of bioactives have used
mainly samples of male children, and generalization of their find-
ings to adults and females requires caution. In addition, many tri-
als have excluded individuals with comorbidities, frequently ren-
dering the trial samples different from populations of people with
ADHD in the community.

Future studies could address the above issues and large-scale,
sufficiently powered, blinded, prospective, randomized controlled
trials evaluating the impact of food bioactives should be conduct-
ed. However, a range of specific problems related to the investiga-
tion of the etiological and therapeutic involvement of food bioac-
tives in ADHD and other psychiatric disorders must be considered.

4. Problems of investigating food bioactives in ADHD

Researchers interested in food bioactives and their effects on men-
tal health are seldom acquainted with the difficulties surrounding
the classification, diagnosis, and therapy of mental disorders such
as ADHD. Food scientists usually accept the validity of the con-
cept of ADHD and are unaware of the manifold problems in the
investigation and interpretation of the effects of food bioactives
in ADHD.

Although the description of ADHD in international classifica-
tion systems (American Psychiatric Association, 1994, 2013a)
seems to reflect a consensus regarding the clinical entity of ADHD,
considerable controversy surrounding this issue remains (Lange et
al., 2010). ADHD is a clinically heterogeneous condition. Chil-
dren presenting with what is considered to be poor concentration
(sustained attention), overactivity, and impulsivity are typically
diagnosed with ADHD. The diagnosis is based on the grouping of
symptom presentation, which can change over time. For example,
the subtypes of ADHD present in DSM-IV (American Psychiatric
Association, 1994) were abandoned in DSM-5 (American Psychi-
atric Association, 2013a), having been shown, with the passage
of time, to lack diagnostic stability. The diagnostic procedures
used in ADHD are based largely, if not exclusively, on subjective
assessments of perceived behavior. The descriptive approach to
diagnosis, as used by the DSM to characterize ADHD based on
self-reports or informant-reports, may not always be valid or reli-
able. The assumption that ADHD is a valid and useful diagnosis
in children and adolescents has been disputed on many grounds,
including lack of biological or psychological markers, high rates
of comorbid disorders, inconsistent clustering of symptoms, and
differing cultural perceptions (Timimi and Leo, 2009). Problems
of attention and restlessness are non-specific behaviors and are
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commonly found in other psychiatric disorders and in the ‘nor-
mal’ population. ADHD may be viewed as falling on a continuum
of behavior rather than as a discrete ‘brain malfunction’. Serious
adverse outcomes commonly associated with ADHD may be more
strongly related to co-occurring problems such as conduct disorder
(Barkley et al., 2004). Significant increases in the rate of ADHD
diagnoses have been reported (e.g. Davidovitch et al. 2017). This
has been attributed to changing attitudes towards diagnosing
ADHD among physicians and parents, with parents increasingly
considering the diagnosis and treatment of ADHD as a means to
improve their children’s academic performance. It has been argued
that ADHD is over-diagnosed and over-treated with medication in
high-income and middle-income countries (Frances and Batstra,
2013; Halldner et al., 2014). The assumption that ADHD is a dis-
order beginning in childhood and persisting into adulthood has re-
cently been questioned (Apter, 2018), since 90% of adult cases of
ADHD were found to lack a history of childhood ADHD (Moffitt
et al., 2015). In addition, doubt has been cast on the very con-
cept of ADHD in adults. While some authors have argued in favor
of its validity (Asherson et al., 2010), others have emphasized its
vagueness and the lack of evidence for the value of specific treat-
ments (Moncrieff and Timimi, 2010). The claims that ADHD is a
life-long disorder requiring life-long therapy (Kooij et al., 2010)
are supported largely by experts sponsored by the pharmaceutical
industry and are promoted through aggressive marketing (Moncri-
eff and Timimi, 2010). Exponents of the concept of ADHD have
made great efforts to downplay the possibility that social, cultural,
and environmental factors play any role in the diagnosis or preva-
lence of the disorder (see Smith, 2017). The current bias towards
biological approaches to ADHD, at the cost of lifestyle and social
interventions, is heavily promoted by the profit-dependent phar-
maceutical industry, since biological explanations of ADHD may
create pressure to accept pharmacological solutions.

The characterising of behavior on the spectrum of normal bio-
logical variation as indicative of specific somatic pathology and the
consequent labelling of a portion of the population as “disturbed”
is unwarranted. It is necessary to establish a demonstrable differ-
ence between individuals diagnosed with ADHD and ‘healthy’
people. No distinctive etiology, pathophysiology, biomarker or
cognitive profile has been identified (Sontag et al., 2010; Thome
et al., 2012; Lange et al., 2014b). Breakthroughs in the genetics
of ADHD have been promised for many years and an impressive
number of genes have been posited to be involved in ADHD (Far-
aone and Larsson, 2018). However, the small odds ratios for the
genes associated with ADHD suggest that many genes could be
involved and that these genes may each have a small effect (Far-
aone and Larsson, 2018). The American Psychiatric Association
has officially admitted that no genes have, thus far, been found
for the disorders described in its manual (American Psychiatric
Association, 2013b). It was further conceded that the decades-old
promise of an identification of mental disorders based on genetic
and biological markers providing precise, valid, and reliable di-
agnoses has not been fulfilled (American Psychiatric Association,
2013Db). Claims presuming faulty genes and neurochemical imbal-
ances in the brains of individuals with psychiatric disorders includ-
ing ADHD are, thus, not supported by actual scientific findings.
While the ‘missing heritability’ position assumes that the failure
to identify genes for mental disorders is the result of a lack of suit-
able research methods, an alternative explanation for this failure
is that the genes claimed to underlie mental disorders do not exist
(Joseph, 2012).

While neuroimaging techniques are vital in the diagnosis of
brain tumors, they are not useful tools in the diagnosis or therapeu-
tic evaluation of ADHD. An ever-increasing number of investiga-

tions using more sophisticated imaging techniques and postulating
an ever-expanding number of potentially problematic brain regions
in ADHD, with little reproducibility between studies, demonstrate
the limited value of these techniques in the the diagnosis of ADHD
(Cohen and Leo, 2004). For example, a widely publicized but seri-
ously flawed and much criticized imaging study claimed to have
found brain alterations in ADHD. The large-scale analysis reported
smaller volumes of several subcortical brain regions as well as a
decrease in intracranial volume in individuals with ADHD com-
pared to healthy controls (Hoogman et al., 2017). The authors of
this study concluded that individuals with ADHD have altered
brains and presented their findings as proof that ADHD is a dis-
order of the brain (Hoogman et al., 2017). However, as has been
pointed out (Batstra et al., 2017; Bejerot et al., 2017; Dehue et al.,
2017; Poulton and Nanan, 2017), such a definitive conclusion is
not supported by the data. Considerable overlap between groups
and large within-group variation were found (Dehue et al, 2017).
The effect sizes ranging from —0.19 to —0.10 for the differences in
volume indicate that approximately 95% of the two groups over-
lap, which is normally interpreted as a negligible or very small
difference (Batstra et al., 2017). In addition, the results showed
no significant differences in the brains of adults with ADHD com-
pared to those without the diagnosis (Dehue et al., 2017). Moreo-
ver, even assuming the existence of such associations, these do
not necessarily imply causality, since environmental factors may
change brain anatomy. Factors confounding the results include the
intelligence quotient (IQ) (Bejerot et al, 2017). When IQ difference
was controlled for, no significant differences between individuals
with ADHD and controls could be found in any of the investigated
brain regions (Bejerot et al., 2017). Furthermore, the involvement
of brain areas associated with emotional regulation may suggest
that the volume differences observed may be related to subclinical
symptoms of oppositional defiant disorder, which is commonly as-
sociated with ADHD (Poulton and Nanan, 2017). In summary, the
speculative claim that a reduced volume of certain brain regions
may be seen in individuals with ADHD is belied by the available
data. There is currently no proof of a brain disorder in children
with ADHD. It has been shown that the youngest children in a
classroom are the ones most likely to be diagnosed with ADHD,
possibly because their brains are less developed, which hardly jus-
tifies the assumption of a brain disorder (Halldner et al., 2014).
Alternative explanations of ADHD, which are often disparaged be-
cause they lend no support to the prevailing biological paradigm of
ADHD (Visser and Jehan, 2009), should therefore be considered.
The question of whether ADHD is a bone fide brain disorder or
a social construction remains to be answered (see Dehue, 2014).
In summary, attempts to pinpoint biological deficits in individu-
als diagnosed with ADHD, using a wide range of research strate-
gies, such as genetics, brain imaging or neuropsychological analy-
sis, have thus far been without success. The efficacy of treatments
including food bioactives cannot, therefore, be tested in regard to
their effect on the pathophysiology of ADHD. The therapeutic ef-
fects of food bioactives can be assessed only through an evaluation
of their efficacy in reducing indicators of symptom severity.
Current treatments may reduce the negative impact of untreated
ADHD on life functioning but do not usually lead to ‘normaliza-
tion’ of behavior (Shaw et al., 2012). The assessment of treatment
outcomes in ADHD, which is commonly confined to symptom rat-
ing, needs to incorporate measures of functioning, quality of life,
and adaptive skills, especially when long-term treatment response
is investigated (Epstein and Weiss, 2012). ADHD can have a sub-
stantial social impact on patients’ lives and may affect education,
employment, finances, and social relationships. This should be
taken into account when defining outcome measures beyond the
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core symptoms of ADHD. Statistically significant improvements
on symptom rating scales do not necessarily translate into clini-
cally and ecologically relevant outcomes related to the problems
of daily life.

It has been proposed that a sufficiency of nutrients during criti-
cal periods of brain development is essential and supplementation
after this time may be of limited benefit. Nutritional deficits may
have a particularly important effect on brain development between
weeks 24 and 42 of gestation, during which myelination and syn-
apse formation take place (Georgieff, 2007). The investigation of
the effects of single nutrients at individual periods of time under
controlled conditions may therefore not account for the need of the
brain for a variety of substances in adequate amounts and propor-
tions at critical times. Food bioactives needed during late fetal and
early neonatal life include protein, zinc, iron, copper, choline, and
PUFAs (Georgieff, 2007). Prenatal exposure to ‘unhealthy diets’
has been shown to be associated with ADHD symptoms (Rijlaars-
dam et al., 2017). Furthermore, low maternal serum vitamin D lev-
els during the first trimester have been associated with ADHD-like
symptoms in preschool-age children (Daraki et al., 2017). Corre-
lations between adherence of children to a healthy diet and low
rates of ADHD do not necessarily point to protective effects of
a healthy diet in childhood. The mothers of children consuming
healthy foods may also have adhered to healthy diets during preg-
nancy, providing essential nutrients to the child at critical stages
of brain development, thus potentially avoiding deficits that could
later lead to behavioral problems.

5. Conclusions

Evidence supporting a role of single nutrients in the pathogenesis
and treatment of ADHD has so far not been produced. Benefits
of certain food bioctives may be confined to individuals with nu-
tritional deficiencies. Since ADHD is a complex, heterogeneous
disorder, multi-ingredient supplementation may be necessary to
achieve beneficial effects. Unwanted side effects of food supple-
ments should be considered. These may become apparent many
years after administration and thus elude detection. The adherence
to certain dietary patterns may provide better predictors of disease
risk than the analysis of single nutrients or foods (Hu, 2002). Out-
comes for healthy diets may be better than for individual nutrients
due to the cumulative beneficial effects of their many ingredients.
However, establishing adherence to medium and longer term di-
etary interventions beyond the administration of supplements may
not be feasible. It should also be considered that dietary patterns
observed in individuals diagnosed with ADHD could be a conse-
quence rather than a cause of ADHD.

Current evidence suggests that nutrition plays a key role in
brain development, mental health and psychiatric disorders includ-
ing ADHD. However, the many difficulties in assessing the effects
of specific food bioactives, such as identifying useful compounds,
combining them at optimal dosages, determining the necessary
durations of administration, and investigating the critical phases
of brain development for bioactives, may appear insurmountable.
A main obstacle in the investigation is the heterogeneous nature
and problematic classification of ADHD. The development of an
objective, reliable and biologically based classification of ADHD
is urgently needed. Substantial progress in revealing the role of
food bioactives in the pathogenesis and therapy of ADHD will
remain elusive as long as psychiatrists fail to acknowledge that
ADHD is an ill-defined construct and are unable to identify biolog-
ical or neuropsychological markers underpinning its validity. The

therapeutic efficacy of food bioactives in ADHD cannot therefore
be evaluated according to their effects on objective pathophysi-
ological measures but only by subjective rating of symptoms, the
clinical relevance of which is questionable. Statistically significant
improvements on symptom rating scales do not necessarily equate
with clinically and ecologically relevant outcomes related to the
problems of daily life faced by those with ADHD.
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