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ABSTRACT

A good understanding of the origin of symptoms is essential to ensure
the optimization of therapeutic treatments. This article proposes a critical
re-evaluation of both confounding and risk factors associated with
attention deficit hyperactivity disorder to avoid over-diagnosis and over-
medication as currently observed in Quebec. We provide an in-depth
analysis of the nutritional, metabolic, digestive, respiratory and
behavioral factors that may contribute to the onset and persistence of
symptomatology resembling attention deficit hyperactivity disorder
(ADHD), traditionally classified as a neurodevelopmental disorder of
genetic origin. Emerging evidence suggests that the symptomatology
may result from a multifactorial dysregulation affecting dopaminergic
and noradrenergic pathways. It is essential to consider the critical role of
nutrition in neurotransmitter synthesis, as deficiencies in amino acids,
vitamins, minerals, and essential fatty acids may significantly compromise
executive and attentional functions. Among the vulnerability factors,
particular attention should be given to the long-term impact of childhood
malnutrition on cognitive performance. Optimal therapeutic management
of attention deficit hyperactivity disorder (ADHD) also requires evaluating
its symptomatology within the broader continuum of metabolic
dysfunction, including insulin resistance, glycemic variability, sedentarity
and pediatric obesity. These imbalances affect neuroinflammation,
neuronal energy production, and neurotransmitter synthesis. In this
context, it is relevant to explore the role of the gut microbiota and
intestinal permeability in the emergence of symptoms associated with
attention-deficit/hyperactivity disorder (ADHD). This includes examining
the potential benefits of elimination diets and the behavioral effects of
food dyes and additives, thereby highlighting the importance of a
personalized, patient-centered approach. Finally, sleep-disordered
breathing in children, which has multiple causes, is also common among
children with attention deficit hyperactivity disorder and can exacerbate
neurocognitive symptoms. To ensure optimal therapeutic direction, it is
therefore recommended to evaluate nutritional, metabolic, digestive,
respiratory and behavioural factors before making a diagnosis of
attention deficit hyperactivity disorder and initiate a treatment. All in all,
mental health should not be considered as an isolated entity, but as the
expression of a neuro-metabolic imbalance modulated by lifestyle habits
on which it is possible to act effectively.
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Introduction

There is a growing number of psychostimulant
prescriptions for young people aged 0 to 26 years
in European and North American countries,
despite ongoing uncertainty about the origins of
ADHD. A first article’ , together with this second
companion article provide a comprehensive
overview of the various clinical hypotheses that
should be considered during the diagnostic
process to better guide therapeutic decisions.
Given the significant heterogeneity of the
symptoms included under the ADHD diagnosis
and the continuous increase in its prevalence and
psychostimulant prescriptions over the past 20
years?, several concerns have been raised about
the lack of rigor in the diagnostic process. A
frequent clinical oversight involves the failure to
differentiate between genuine neurodevelopmental
ADHD of genetic origin and ADHD-like presentations
secondary to personal adversity, psychosocial
stressors, or underlying vulnerability factors —
some of which may have a metabolic basis. Careful
evaluation of these elements is essential to ensure
a well-targeted therapeutic approach’.

To distinguish between patients with ADHD and
those presenting with ADHD-like symptoms,
clinicians must engage in a thorough differential
diagnostic process'?. Unfortunately, such a
rigorous assessment is often overlooked, partly
due to the strong emphasis on genetic factors in
the current conceptualization of ADHD**. Of
course, several genes have been identified as
factors that increase the risk of developing ADHD.
Moreover, the relative risk (RR) increased by
4.0~5.4 within families, whereas there was a
certain correlation in dizygotic (0.39-0.91) and
monozygotic (0.68-0.81) twins®. Offspring of
parents diagnosed with ADHD exhibit a relative
risk (RR) of 6.87 for developing the condition,
compared to children of parents without ADHD’.
Finally, the absolute proportion of ADHD in
children of parents with ADHD is very high,
reaching 41.5% in boys and 25.1% in girls when
both parents are affected®. This theory may
misdirect treatment when symptoms stem from
psychological or psychosocial factors. In that
sense, comprehensive evaluation is essential to
distinguish ADHD from ADHD-like presentations.

In this article, we explore other factors to take into
account, as they could either amplify the intensity

of ADHD symptoms or trigger ADHD-like
behaviors. Clinical experience indicates that
potential metabolic disorders should be assessed
prior to prescribing psychostimulants, as these
may obscure underlying chronic conditions or
exacerbate physiological dysfunctions beyond the
behavioral domain.

Clinical and ethical issues

Although ADHD is defined as a genetically based
disorder, it is important to recognize that
phenotypes—more readily observable than
genotypes—are strongly influenced by
environmental factors. Classical genetics relies on
phenotypic expression to infer gene function or
chromosomal anomalies; thus,
warranted before attributing ADHD solely to
hereditary origins’®. Also, epigenetic processes
can be modulated by neuroendocrine and
biochemical homeostasis, which in turn regulates
the expression of genes implicated in numerous
conditions traditionally viewed as hereditary™.

caution is

Despite a sustained rise in psychostimulant
prescriptions among students, it should be
remembered that 60-80% of patients have side
effects that can disrupt appetite, sleep, digestion,
generate tics, headaches, irritability, anxiety and
restlessness®'". Prolonged use of psychostimulants
may also increase risk of cardiovascular disease’.
The doctor must therefore find the right balance
between pharmacotherapy to reduce the impact of
a disorder and the side effects that sometimes lead
to other diseases. However, this dilemma becomes
irrelevant when a genetic neurodevelopmental
disorder like ADHD is mistakenly conflated with
another condition or with transient difficulties,
which may arise from family, social, or school contexts
that naturally trigger behavioral responses, or from
nutritional, metabolic or inflammatory issues
(ADHD-like)'.

The difficulty in identifying the underlying causes
of symptom heterogeneity complicates the
diagnostic process and can compromise clinical
decision-making, leading to the inappropriate
prescription of psychostimulants in individuals with
ADHD-like, but not true ADHD presentations. It is
therefore essential to establish a differential
diagnosis that considers both developmental and
psychosocial domains, while also evaluating potential
metabolic factors, in order to optimize the therapeutic

© 2025 European Society of Medicine 2



approach for each patient. In other words, medication
is a tool, but it should not be considered without
an thorough assessment of the underlying causes
of the neurochemical disturbance affecting attentional
processes or impulsivity regulation.

Nutritional issues

Biochemically, ADHD is thought to be the
consequence of an alteration in the function and
balance of several neurotransmitters that can
affect the executive functions of the brain,
including dopamine and norepinephrine®. It is
therefore necessary to go back to the basics of
physiology to remember that dopamine comes
from the conversion of phenylalanine obtained in
food or from the transformation of L-tyrosine
made from phenylalanine or also found in food.
Then, it is hydroxylated to L-DOPA using iron and
BH4, whose regeneration is mediated by the active
form of folate (5-MTHF) as essential co-factors to
the enzyme tyrosine hydroxylase. Finally, vitamin
B6 (P5P) and zinc are required to enable the
activity of the dopamine-producing enzyme
DOPA-decarboxylase, but also to effectively
modulate its action in the synaptic space.
Norepinephrine is synthesized through the action
of the enzyme dopamine B-hydroxylase, which
requires vitamin C and copper as its principal
cofactors. This neurotransmitter synthesis is
mediated by the efficient production of ATP by the
mitochondria of neuronal cells, where magnesium
and B vitamins in optimal amounts are indispensable
as co-factors for key enzymes for energy production.
Finally, these neurotransmitters must, after reuptake,
be adequately metabolized and recycled by
enzymes that fall under several B vitamins to
ensure their optimal functioning.

Given this biochemical cascade, the quality of the
diet and the integrity of digestive functions may
significantly influence the severity of symptoms
associated with ADHD. Composed of 100 billion
neurons and trillions of synaptic connections, the
brain requires 20 to 25% of the body's metabolic
demand™. Moreover, the synthesis of neurotransmitters
involved in emotional regulation, cognitive organization,
and attentional processes depends on the conversion
of essential amino acids absorbed during digestion—
since the body cannot synthesize them—through
enzymatic reactions that require vitamin- and
mineral-based cofactors to function effectively. It

is therefore evident that an imbalance in the
availability of essential amino acids, vitamins, and
minerals may compromise neurotransmitter synthesis
and, consequently, negatively impact mental health.

Child malnutrition influences the determinants of
mental health in adulthood. Eighty individuals who
suffered from protein-energy malnutrition (PEM) in
their first year of life were assessed 40 years later.
Compared to control-subjects, they had lower
levels of education, lower employment rates, and
reduced incomes’™. In addition, 48/80 showed
symptoms of ADHD. Subsequently, 55/80 subjects
were evaluated by near-infrared spectroscopy to
measure brain activity. They showed significant
alterations in resting brain activity compared to the
control group™.

Let's not forget that essential amino acids must be
consumed in a diet that is diversified in terms of
protein sources. Absorbed efficiently, they are
direct precursors to the synthesis of the various
neurotransmitters ensuring healthy cognitive
function (e.g., phenylalanine, tryptophan)' '8, Lower
levels of some of these amino acids essential to
produce neurotransmitters are observed in ADHD
patients, suggesting that this deficient nutritional
state may be related to the pathology or,
presumably, trigger cases of ADHD-like”.

There appears to be a correlation between dietary
habits and nutritional biochemical status and ADHD
or ADHD-like clinical profiles. Then to explore this
association, 432 children (6-12 years) divided into
two groups, with or without symptoms of ADHD,
but matched by age, sex and place of residence
were examined®. After documenting their lifestyle
habits, blood concentrations of polyunsaturated
fatty acids (PUFAs), zinc, iron, and magnesium were
measured. First, ADHD subjects generally
consumed more sweets and sugary drinks, but
fewer fruits and fewer vegetables. Second, they
had lower levels of omega-3 PUFAs, zinc, and iron
compared to controls. Third, unhealthy eating
habits negatively influence biochemical nutritional
status, while also being correlated with increased
symptom intensity. These findings underscore the
critical role of a nutrient-rich, balanced diet in
supporting the regulation of attentional processes
and motor impulse control in young patients—
both as a therapeutic intervention to improve
clinical outcomes and as a preventive strategy to
mitigate symptom severity
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Despite common assumptions, malnutrition remains
underestimated in developed countries, particularly
when assessed through markers of cellular function
and micronutrient status. While it is considered as
a determinant of health, it is overlooked in the
diagnosis process of ADHD. Beyond the socioeconomic
challenges faced by some families, it is important
to recognize that food overprocessing compromises
nutritional quality, leading to a disconnect
between caloric intake and micronutrient adequacy?'.
Indeed, the consumption of ultra-processed foods
is associated with a decrease in the intake of fiber,
vitamins and essential minerals while increasing
the intake of sugar, processed carbohydrates and
poor-quality fats?2. The decline in nutritional quality
contributes to a form of malnutrition marked by
excessive caloric intake coupled with insufficient
essential nutrients, a condition that predisposes
individuals to obesity, type 2 diabetes, hypertension,
and other chronic diseases?.

At the micronutrient level, it has also been
observed that children with ADHD have significantly
lower serum levels of zinc and magnesium compared
to neurotypical children?*?. Considering that these
minerals are essential to support neurotransmitter
synthesis and regulation reactions, it seems that
optimizing trace element levels is beneficial in
reducing ADHD symptoms??®, Meta-analyses
have revealed that serum ferritin levels were
significantly lower in children with ADHD and that
there was a significant correlation between iron
deficiency and the severity of ADHD symptoms.
The effect of iron supplementation in ADHD
children with ferritin was <30ng/mL was found to
be beneficial in reducing symptoms. Similar
observations were made for deficient and
supplemented children, even though they were
also treated pharmacologically?.

The same trend can be observed for certain
vitamins, which are largely involved in the
metabolism of neurotransmitters, thus regulating
multiple brain functions involved in attention,
focus and executive functions. Vitamin D and
several B vitamins (e.g. B6, B9 and B12) seem to
be more deficient in children with ADHD?*%%', In the
event of a deficiency, supplementation therefore
becomes interesting to improve children's cognitive
skills, especially in vitamin B6 and magnesium??. In
addition, vitamin D3 supplementation, combined
with neurofeedback methods, revealed favorable

electrophysiological results in children with ADHD
while significantly increasing serum vitamin D levels®.

A meta-analysis of 16 clinical studies involving
1719 participants divided according to their
psychiatric diagnosis (ADHD, depression, PTSD,
autism, dementia-related behavioural deficits,
antisocial behaviour) highlights the effectiveness of
multivitamin supplements®. For the ADHD/ADHD-
like population, an improvement in overall functioning
and a reduction in inattention symptoms are observed.
The results were more robust with formulations
containing a broad spectrum of vitamins and
minerals, although more studies are needed to
formally issue clinical recommendations.

What's more, omega-3 fatty acid supplementation
is associated with a modest, but significant,
reduction in ADHD symptoms®>. Considering that
60% of the dry weight of the human brain is made
up of essential fatty acids, its consumption is
essential in the critical period of brain development
during gestation and early childhood. They also act
as messengers by participating in the synthesis and
functions of brain neurotransmitters, as well as
those of immune system molecules®. Neuronal
membranes contain phospholipid reserves for the
synthesis of specific lipid messengers in response
to neuronal stimulation or injury, but also to
provide neuroprotection®’. Studies show that the
intake of omega-3 fatty acids -e.g. alpha-linolenic
acid (ALA), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)- is often insufficient
in children. For example, a study found that only
61% of Canadian children (4-8 years old) achieve
adequate ALA intake, while 22% meet DHA and
EPA intake®. In addition, the NHANES survey
shows that replacing traditional Omega-3-rich
vegetable oils with oils rich in oleic acid disrupts
the intake of essential fatty acids in children,
potentially leading to a risk of deficiency®.

Metabolic syndrome

In recent years, a decline in metabolic health has
been observed among young populations. Analysis
of data from the Global Burden of Disease Study
(1990 to 2021) showed a significant increase in
disability-adjusted life years (DALYs) attributable
to metabolic risk factors in subjects aged 15 to 39
years. The main risk factors were high body mass
index (BMI) and high fasting blood glucose, with
increases of 84.2% and 53.6%, respectively®.
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Canadian studies have also found the same
abnormalities in our children in body weight, BMI,
fasting blood sugar and/or glycated hemoglobin*'.
These studies show metabolic decline, which raises
concerns about negative impacts on the physical
and mental well-being of our youth. As there is a
two-way interaction between physical and mental
well-being, metabolic imbalances could contribute
to the increased burden of psychiatric disorders
and, in turn, also impair metabolic health**°. These
observations therefore warrant caution when
considering a psychiatric diagnosis without first
evaluating the integrity of key physiological systems,
asis often the case in individuals diagnosed with ADHD.

Insulin resistance occurs when cells in the body
become less sensitive to the action of insulin, a key
hormone in regulating glucose metabolism allowing
it to enter cells, resulting in high levels of insulin in
the blood. This is often the result of a diet high in
refined carbohydrates, compounded by a sedentary
lifestyle, and further aggravated by insufficient
sleep and chronic stress. Insulin resistance is
present in adults with unhealthy lifestyle habits,
but also in young people, as the consumption of
ultra-processed foods has increased significantly
over the past two decades, contributing to rising
rates of childhood obesity and insulin resistance***’.
Young Americans now eat almost 67% of their
total energy from these foods, which is associated
with poor diet quality and excessive calorie intake,
leading directly to a state of insulin resistance®.

Insulin resistance is a common feature of various
metabolic disorders, including type 2 diabetes,
obesity, and hypertension. It may also extend to
the central nervous system, resulting in cerebral
insulin resistance—a condition in which neurons,
particularly in the prefrontal cortex, lose their
ability to efficiently utilize glucose, a substrate
critical to their function*. Cognitive symptoms of
insulin resistance include deficits in verbal episodic
memory, executive function, auditory attention,
word comprehension, and verbal fluency, as well
as progressive brain atrophy in specific regions®>3.
Insulin resistance also promotes chronic inflammation,
characterized by the production of pro-inflammatory
cytokines such as TNF-a and IL-6, which in turn
activate inflammatory signaling pathways within
the brain. This activation leads to an increased
production of reactive oxygen species (ROS),
causing oxidative stress. Oxidative stress damages

mitochondria, impairing their capacity to generate
ATP and promoting the overproduction of reactive
oxygen species (ROS), thereby establishing a
vicious cycle of mitochondrial dysfunction and
sustained oxidative stress >*>*.

Dysfunctional mitochondria in neurons, especially
in the prefrontal cortex, impair the production of
ATP needed for neuronal processes, including
neurotransmitter  synthesis. Dopamine and
norepinephrine, synthesized from tyrosine and
phenylalanine via ATP-dependent processes, have
their production decreased due to the induced
mitochondrial dysfunction®. In addition, the increase
in the activity of monoamine oxidases (MAO A and B)
in a context of cerebral insulin resistance accelerates
the degradation of dopamine, thereby exacerbating
the neurotransmitter deficiency®. It is therefore
interesting to note that the decrease in dopamine
and norepinephrine in the prefrontal cortex may have
resulted from the phenomenon of neuroinflammation
observed in the context of metabolic dysfunction
and seems to be closely associated with deficits in
attention and executive functions, characteristic of
ADHD*’.

In addition, the consumption of ultra-processed
foods is associated with a decrease in attentional
skills and an increase in impulsivity. Empirical
evidence indicates that diets high in refined sugars
and low-quality fats are associated with an
increased risk of ADHD symptom manifestation,
whereas diets rich in fruits and vegetables appear
to exert a protective effect®®**. Consuming ultra-
processed foods over long periods of time can also
disrupt the gut microbiota, which is linked to
metabolic alterations and ADHD symptoms®.
These results suggest that promoting healthy
lifestyle habits among students, by optimizing
their diet, could reduce the frequency of
behaviours associated with ADHD.

The prevalence of obesity is approximately 40%
higher in students with untreated ADHD
compared to their peers without ADHD®'. The
symptoms of ADHD are frequently associated with
somatic conditions such as sleep disorders,
autoimmune diseases, and metabolic disorders
such as type 2 diabetes and hypertension. These
conditions also appear on the continuum of
metabolic dysfunction and insulin resistance®*.
Although the association does not establish causality,
it is noteworthy that the pathophysiological
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mechanisms underlying these conditions appear to
be closely related. This highlights the need for
clinicians to consider them carefully when managing
young patients suspected of having ADHD.

Another metabolic disturbance associated with a
diet high in refined carbohydrates is the marked
fluctuation in blood glucose levels, particularly in
individuals who have developed insulin resistance
as a result of lifestyle factors®. Transient hyperglycemia
is often followed by a drastic drop in blood sugar
because of excessive insulin secretion. When this
process occurs repeatedly, it diminishes cellular
receptor sensitivity for insulin and, when coupled
with impaired glucagon secretion—as seen in
reactive hypoglycemia—may lead to cognitive
dysfunction®. Experimentally induced acute
hypoglycemia in humans also causes a significant
deterioration of attentional abilities, although non-
verbal intelligence is preserved®. Neuroglycopenic
symptoms of hypoglycemia (e.g., confusion,
behavioral changes, inattention, impaired working
memory) may mimic the symptoms of ADHD®¢8,
Since many children eat breakfast with ultra-
processed, carbohydrate-rich foods, clinicians
should consider the effects of fluctuating blood
sugar levels during the day. If insulin resistance
gradually develops, there is a risk that the
prescription of psychostimulants may mask early
symptoms of dysglycemia, delaying detection until
metabolic dysfunction is more advanced and
potentially less reversible.

Sedentary lifestyle

Only 19% of students meet current physical activity
guidelines, a deficiency that may contribute to a
range of adverse health outcomes®. One contributing
factor to this trend is the increased number of hours
spent in front of screens, which has also been
correlated with the severity of ADHD symptoms’°.
Consequently, cardiorespiratory endurance among
students declined significantly between 1986 and
20127, Reduced cardiorespiratory fitness in childhood
has been linked to a higher risk of developing
ADHD symptoms during adolescence’. On the
other hand, physical activity can prevent and
decrease the intensity of ADHD in students’.
Through their anti-inflammatory properties and
influence on neurotransmitter regulation, physical
activity-based interventions have demonstrated
significant improvements in executive functions

among students diagnosed with ADHD—particularly
in inhibitory control, working memory, and cognitive
flexibility’*. While some are more effective than
others, all forms of physical activity improve
executive function and reduce ADHD symptoms’>.
Moderate to vigorous exercise, especially aerobic
activities, are associated with a reduction in the
intensity of inattention and impulsive behaviours’.
Promoting healthy lifestyle habits should therefore
be considered an integral component of both
preventive and therapeutic strategies aimed at
reducing the risk or frequency of behaviors
associated with ADHD, as is the case for other
metabolic disorders

Intestinal microbiome

Now recognized for its essential role in health, the
microbiome is made up of billions of microorganisms
residing on the skin, as well as in the urogenic and
intestinal tracts. This complex and dynamic ecosystem
fulfills various vital functions such as, e.g., fiber
digestion, vitamin synthesis, immune system
modulation, and protection against pathogens. In
addition, the bacteria present in the gut participate
in the synthesis of neurotransmitters or their
precursors’’.

An imbalance of the microbiota, or dysbiosis,
occurs when the diversity and richness of beneficial
microorganisms in the gut are altered, due to an
unbalanced or ultra-processed diet, excessive intake
of antibiotics or non-steroidal anti-inflammatory drugs,
as well as chronic stress, among other factors.”®”’.
In the case of dysbiosis, pathogenic bacteria proliferate
and cause adverse health effects®. However, it
appears that hyperactive and impulsive children
show significant alterations in their gut microbiota®'.
These alterations influence the production of
neurotransmitters and their precursors thereby
directly impacting the gut-brain axis®. Studies
point to correlations, but there is no established
causality yet. Further research is needed to identify
targeted interventions on the gut microbiota that
may help restore its balance and potentially reverse
neurocognitive symptoms. However, treatment
plans should include an evaluation of the
appropriateness and potential efficacy of probiotic
supplementation in alleviating certain debilitating
symptoms associated with ADHD?®3.

Also, the observation of gut dysbiosis is often
associated with the presence of a leaky gut, i.e. an
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alteration in the integrity of the junctions between
the cells of the intestinal epithelium. Under normal
conditions, the thight jonctions prevent the
translocation of microbes, toxins, and undigested
food particles into the bloodstream, thereby
protecting against the development of low-grade
systemic inflammation®. The inflammatory responses
associated with increased intestinal permeability
(leaky gut) may contribute to the development of
digestive disorders, cardiometabolic diseases,
autoimmune conditions, and psychiatric disorders®.
Indeed, the production of pro-inflammatory cytokines
secondary to gut dysbiosis and leaky gut is likely
to affect the permeability of the blood-brain barrier,
neuronal mitochondrial function and interfere with
the synthesis of dopamine and norepinephrine. As
a result, these mecanisms can disrupt the regulation
of attention, concentration and impulsivity®®.

The leaky gut is also associated with a greater
likelihood of food reactivity. These reactions are
typically non-IgE-mediated®’. They can create extra-
digestive symptoms due to the secondary
inflammatory reaction that extends far beyond the
gastrointestinal system®. As part of a supervised
elimination diet, many children showed an
improvement in their physical and mental symptoms,
including a decrease in ADHD symptoms® %,
However, dietary interventions aimed at reducing
antigenic load elicit variable responses across
individuals, with some showing little to no clinical
improvement. In fact, a cohort of 28 children with
ADHD was followed over 3.5 years while
undergoing a four-week elimination diet excluding
common allergens — such as gluten, dairy, soy, eggs,
and nuts — , followed by a gradual reintroduction
phase or permanent elimination if symptoms
reappeared?’’. It appears that 64% of the children
responded favourably and 40% saw a decrease in
ADHD symptoms. The benefits were observable
for several years for 30% of the children, especially
if they did not use psychostimulants. These
findings suggest that an oligo-antigenic diet,
followed by personalized nutritional guidance,
may represent a complementary therapeutic
option for reducing the risk or severity of ADHD
symptoms, regardless of whether pharmacological
treatment is used.

Finally, artificial additives and flavorings warrant
greater attention, as they may exacerbate ADHD
symptoms or contribute to the manifestation of

ADHD-like presentations”. This is because
synthetic food dyes bind to proteins in various
food environments, forming complexes digested
by proteolytic enzymes. However, this binding can
block the active sites needed for enzymatic
hydrolysis, reducing protein digestibility”™. Thus,
dietary restriction protocols—including those
eliminating synthetic food dyes—may lead to a
modest reduction in ADHD symptoms; however, it
is estimated that approximately 8% of children
with ADHD display sensitivity to these additives™.
Therefore, the exclusion of artificial food colorings
may significantly reduce ADHD symptoms,
particularly in individuals identified as having food
sensitivities.”. Consequently, it is plausible that
heightened sensitivity to food additives may
trigger ADHD-like symptoms, a possibility that
should be considered prior to
establishing a psychiatric diagnosis in children

carefully

It remains unclear whether dysbiosis or increased
intestinal permeability directly contributes to the
onset of ADHD-like symptoms through inflammatory
and neurochemical pathways, or whether these
factors merely exacerbate existing ADHD symptoms.
Regardless, clinicians should try to identify and
eliminate specific dietary triggers in children and
adolescents with ADHD symptoms to reduce
possible neuroinflammation in young patients. Any
preventive or therapeutic intervention should be
individualized and supported by close clinical
monitoring. It is important to recall the considerable
heterogeneity in both the causes and the severity
of ADHD and ADHD-like symptoms. Young
patients affected by dysbiosis may experience
greater improvement from targeted interventions
than those whose microbial composition remains
within a healthy balance. While the personalized
elimination diet is not necessarily a solution for all
students affected by problems with concentration,
hyperactivity or impulsivity, it could provide both
preventive or curative benefits.

Sleep and Airway Integrity

The quality and duration of sleep influence various
aspects of cognitive and physical health in children
and adolescents. It has been shown to improve
cognitive performance, academic functioning,
mental health, and reduce behavioral problems in
school-aged children?. Additionally, sleep
quality is important to optimize the secretion of
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growth hormone, which is closely linked to the
deep phases of sleep”. Consequently, sleep disruptors
may amplify the intensity of symptoms associated
with neurodevelopmental disorders, including
ADHD?’, or trigger an ADHD-like presentation.

The severity of ADHD symptoms in children may
correlate with the severity of sleep disorders,
including sleep-disordered breathing such as
obstructive sleep apnea (OSA)'%0", This condition
hinders airflow through the airways during sleep
and causes a state of hypoxia, which disrupts the
integrity of deep sleep phases. A prospective
study of 40 children with ADHD showed that 62.5%
were at high risk for sleep apnea following an
orthodontic examination'®. Conversely, approximately
30% of children with sleep apnea also present with
ADHD symptoms, and this incidence increases
with age'®. Moreover, children with ADHD and a
high risk of sleep-disordered breathing were
significantly more likely to exhibit behavioral
problems, hyperactivity, and attention deficits
compared to children at low risk for such disorders'®,

Common nighttime symptoms of obstructive sleep
apnea in children include snoring, excessive
sweating, nightmares, bedwetting, restless sleep,
mouth breathing, and observed apneas or labored
breathing during the night. Other signs may
include hyperextension of the neck during sleep or
bruxism, indicating an increased effort to open the
airways. Daytime symptoms may include poor
concentration, behavioral or mood disturbances,
morning headaches, and excessive daytime
sleepiness’®. Untreated sleep apnea can therefore
lead to neurocognitive dysfunction and behavioral
disorders that may be misdiagnosed as ADHD,
highlighting the importance of evaluating and
addressing sleep-disordered breathing before
making an ADHD diagnosis and initiating medication.

Obesity is a major risk factor for the development
of sleep apnea, affecting 45% of children with this
condition'®. Enlarged tonsils and adenoids are
also a frequent cause of airway obstruction and
sleep apnea, and their severity correlates with the
manifestation of ADHD symptoms'®. Furthermore,
neurocognitive symptoms often improve after
adenoidectomy and tonsillectomy'®. This surgical
procedure also growth
hormone pulsatility and improves growth in
children suffering from sleep apnea caused by
tonsillar and/or adenoidal hypertrophy'”.

restores nocturnal

Chronic nasal congestion caused by enlarged
tonsils and adenoids, recurrent colds, or poorly
controlled chronic environmental or seasonal
allergies can obstruct airflow through the nasal
passages, forcing the child to breathe through the
mouth most of the time. This may lead to chronic
ADHD-like symptoms secondary to the development
of sleep apnea. Indeed, mouth breathing in
children is associated with OSA due to the reduced
pharyngeal space caused by tongue and jaw
collapse into the airway'®. This condition can
simultaneously have significant consequences on
craniofacial development'®,

Insufficient jaw development caused by mouth
breathing and modern dietary patterns —such as
the consumption of processed or ultra-processed
foods, precooked meals, or foods low in fiber,
pureed, or requiring minimal chewing— can
understimulate the muscles required to maintain
the structural integrity of the airways. These
phenomena are associated with a rising frequency
of craniofacial abnormalities, which are also linked
to sleep apnea’® "% Reduced jaw size leads to less
space for proper tooth alignment and increases
the risk of malocclusion, sometimes requiring
orthodontic treatment. Children with ADHD often
present with more severe malocclusions, which
supports the hypothesis that sleep-disordered
breathing contributes to ADHD symptoms'"!, or
may induce an ADHD-like syndrome in children
with these conditions by disrupting sleep integrity.

To properly distinguish children with true ADHD
from those with ADHD-like symptoms, it is
essential to evaluate craniofacial anatomy, breathing
patterns, and sleep quality as part of the
comprehensive assessment process. This ensures
an adequate treatment plan and helps reduce
symptom severity. It is important to note that none
of these phenomena are considered in standard
psychometric testing. However, a differential diagnosis
could take into account these various contributing
factors to explain the increasing prevalence of
ADHD-like presentations, which are too often
confused with true neurodevelopmental disorders.

Conclusion

It is important to recognize that while the
definition of ADHD includes a genetic component,
there is substantial heterogeneity in the manifestation
of symptoms. To avoid confusion between ADHD
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and ADHD-like presentations, a thorough differential
diagnosis must account for multiple parameters
before confirming a neurodevelopmental disorder.
The example of Quebec'? unfortunately illustrates
the risks for children and adolescents of an
evaluation process based on questionnaires and
other psychometric tests that do not take into
account vulnerability factors, lifestyle habits, or
possible problems related to food, additives,
microbiota and sleep-disordered breathing. We
have explored potential causes of ADHD-like
presentations, which should be considered
alongside familial, academic, and psychosocial
vulnerability factors in order to effectively guide
patient management. To this effect, the available
data suggest that clinicians should take the time to
assess nutritional, metabolic, digestive and
respiratory health as well as dietary lifestyle habits
that contribute to the emergence of ADHD-like
symptoms or increase physiological sensitivity in
ADHD patients. Even when the wuse of
psychostimulants is temporarily justified, their
long-term use may carry risks, particularly if the
pharmacological suppression of symptoms masks
early indicators of underlying metabolic disorders.
Given the involvement of multiple pathophysiological
mechanisms in the emergence of ADHD symptoms,
personalized patient management is essential to
identify and address potential ADHD-like triggers.
It is therefore essential that the treatment plan
assess all lifestyle habits and the quality of the
family, social and school environment before
assuming that the neurological disorder is of
genetic origin. While further research is needed to
better understand the causes underlying the
heterogeneity of clinical profiles in ADHD and to
develop tailored therapeutic protocols, it remains
essential—both medically and ethically—that
clinicians take the time to conduct a comprehensive
diagnostic assessment that accurately reflects the
patient’s true difficulties, particularly in children
and adolescents.
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