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Abstract

Introduction: Mediterranean diet (MD) is linked to improved health outcomes in
children and adolescents. While prior research suggests that individual
components of the MD, such as omega-3 fatty acids, may improve cognitive
function and behavior in individuals with special educational needs (SEN), it is not
known the association between adhering to MD and the symptomatology of SEN.
Objectives: To identify the association between adherence to the MD and the
symptomatology and/or well-being of children and adolescents with SEN or its
diagnosis.

Methods: Following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, a literature search was carried out on
MEDLINE, Scopus, and Web of Science, from February to June 2024. A total of six
studies were included according to the following criteria: studies written in English
or Portuguese; participants <19 years old; evaluation of MD using specific scores;
and SEN diagnosis and/or symptomatology/well-being. This systematic review was
also registered at PROSPERO as CRD42024527230.

Results: Six studies were included, with a total of two SEN investigated. Studies
found that higher adherence to the MD was associated with reduced symptoms of
Obsessive-Compulsive Tics Disorder (OCTD) and Attention Deficit Hyperactivity
Disorder (ADHD). Also, a lower likelihood of ADHD diagnosis or having ADHD was
associated with children and adolescents adhering more to MD.

Conclusions: This review suggests that higher adherence to the MD is linked to
lower prevalence and symptom severity of ADHD and OCTD in children and
adolescents with SEN. However, future research is needed to confirm these

results.
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Resumo
Introducdo: A dieta mediterranica (DM) associa-se a melhorias de saude em
criancas e adolescentes. Embora pesquisas anteriores sugiram que componentes
individuais da DM, como acidos gordos omega-3, possam melhorar a funcao
cognitiva e o comportamento em individuos com necessidades educativas
especiais (NEE), ndo se conhece a associacao entre aderir a DM e a sintomatologia
das NEE.
Objetivos: Identificar a associacao entre a adesao a DM e a sintomatologia e/ou
bem-estar de criancas e adolescentes com NEE ou o seu diagnostico.
Métodos: Seguindo as diretrizes do PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), conduziu-se uma pesquisa nas bases de
dados MEDLINE, Scopus e Web of Science, de fevereiro a junho de 2024. Incluiram-
se seis estudos de acordo com os seguintes critérios: estudos escritos em inglés ou
portugués; participantes com <19 anos; avaliacdo da DM recorrendo a indices
especificos; e diagndstico de NEE e/ou sintomatologia/bem-estar. Esta revisao
sistematica foi registada no PROSPERO como CRD42024527230.
Resultados: Seis estudos foram incluidos, investigando um total de duas NEE. Uma
maior adesao a DM associou-se a reducao dos sintomas de Perturbacao Obsessivo-
Compulsiva e Tiques (POCT) e de Perturbacdao de Hiperatividade/Défice de
Atencao (PHDA). Uma menor probabilidade de diagndstico de PHDA ou de ter ou
nao PHDA associou-se a uma maior adesao a DM em criancas e adolescentes.
Conclusdes: Esta revisao sugere que uma maior adesao a DM se associa a uma
menor prevaléncia e gravidade dos sintomas de PHDA e POCT em criancas e
adolescentes com NEE. Pesquisas futuras sao necessarias para confirmar estes

resultados.
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Acronyms List

ADHD - Attention Deficit Hyperactivity Disorder

ASD - Autism Spectrum Disorder

DSM-1IV TR - Diagnostic and Text Revision of Statistical Manual of Mental Disorders-
Fourth Edition

DSM-V - Diagnostic and Statistical Manual of Mental Disorders, 5th Edition

IDEA - Individuals with Disabilities Education Act

KIDMED - Mediterranean Diet Quality Index for Children and Adolescents

MD - Mediterranean Diet

MDS - Mediterranean Diet Score

OCTD - Obsessive-Compulsive Tics Disorder

PICOS - Population, Indicator, Comparator, Outcomes, and Study type

PRISMA - Preferred Reporting of Items for Systematic Reviews and Meta-analyses
PROSPERO - International Prospective Register of Systematic Reviews

SEN - Special Educational Need
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Introduction

The Mediterranean diet (MD) has garnered considerable attention as a
paradigmatic example of healthy eating, credited for its significant contributions
to favorable health outcomes, improved biochemical indices, and heightened
individuals’ quality of life("4). Generally, the MD can be characterized as a dietary
pattern with abundant fruits and vegetables, whole grains, legumes, nuts, and
olive oil, and a moderate consumption of fish, white meats, dairy, and wine®: 9,
In children and adolescents, adherence to the MD has been decreasing
worldwide!”). However, this dietary pattern has been mainly associated with
reduced inflammation, reduced sedentary behaviours, and increased quality of
life in this age group®.

Regarding Special Educational Needs (SEN), children and adolescents with
these outcomes may encounter greater challenges in learning or accessing
education than their peers. Consequently, the concept of SEN is essential in
guaranteeing inclusive education, whereby all students, irrespective of their
learning difficulties or disabilities, are provided with access to quality education
and the requisite resources to achieve their full potential® 19,

Even though the definition of SEN may not be consensual between
countries, some documents help identify some common conditions. The
Individuals with Disabilities Education Act (IDEA) program from the United States
of America comprises 14 disability categories: autism, deaf-blindness, deafness,
developmental delay, emotional disturbance, hearing impairment, intellectual
disability, multiple disabilities, orthopedic impairment, other health impairment,

specific learning disability, speech or language impairment, traumatic brain



injury, and visual impairment('9. Apart from that, the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition (DSM-V), is also a widely used tool to
diagnose various conditions that fall under the umbrella of SEN, since the
definitions covered in this manual agree with the SEN categories of most
countries!,

Research indicates that nutritional interventions can significantly impact
cognitive and behavioral outcomes in children and adolescents with SEN. For
instance, it is reported that consuming omega-3 fatty acids from fish or
monounsaturated fats from olive oil may support cognitive function and mood
regulation in individuals with autism spectrum disorders (ASD)('% 13), Furthermore,
in individuals diagnosed with attention deficit hyperactivity disorder (ADHD), the
consumption of nutrient-dense foods, such as fruits, vegetables, and whole grains,
in conjunction with a moderate intake of omega-3 fatty acids, has been observed
to enhance attention and behavioral control (417,

Based on evidence suggesting that foods typical of a MD alleviate symptoms
associated with SEN, it is reasonable to hypothesize that the MD as a whole,
renowned for its balanced and nutritious components, may also have a beneficial
impact on managing these conditions. However, although systematic reviews have
been carried out about the influence of certain foods on some SEN, like ADHD and
ASD(18,19) " there is still no summary of the literature regarding MD adherence and

its impact on SEN in children and adolescents.

Objectives
This systematic review aims to identify the associations previously reported
in the literature between adherence to the MD and the symptomatology and/or

well-being of children and adolescents with SEN or its diagnosis.



Methods
Study Design

This systematic review was based on the Preferred Reporting of Items for
Systematic Reviews and Meta-Analyses (PRISMA)9 using PRISMA guidelines?") and
it was registered in the International Prospective Register of Systematic Reviews
(PROSPEROQ), as CRD420245272302),

Search Strategy

This research was conducted from February to June 2024 in three databases
namely — MEDLINE (PubMed®), Scopus, and Web of Science. The search expression
was built by one reviewer, while the remaining reviewers confirmed the process.
The following search expression was used in the Medline database:
("Mediterranean Diet" OR "Mediterranean-style Diet" OR "Mediterranean-like diet")
AND ((child[MeSH Terms]) OR (adolescent[MeSH Terms])) AND (“mental well-
being” OR “mental health” OR “well-being” OR (neurobehavioral
manifestations[MeSH Terms]) OR “neurologic dysfunction” OR (Cognitive
impairment[MeSH Terms]) OR depression OR depressive disorders OR anxiety OR
stress OR "ADHD" OR (Attention Deficit Hyperactivity Disorder[MeSH Terms]) OR
(Attention Deficit Disorders with Hyperactivity[MeSH Terms]) OR hyperactivity OR
(autism spectrum disorder[MeSH Terms]) OR (Autistic disorder[MeSH Terms]) OR
(Disruptive behavior disorders[MeSH Terms]) OR (Mood disorders[MeSH Terms]) OR
(Learning  disorders[MeSH Terms]) OR (dyslexia[MeSH Terms]) OR
(dyscalculia[MeSH Terms]) OR dyspraxia OR dysphasia OR dysgraphia OR dyslalia
OR “special educational needs” OR “special education” OR “TIC disorder” OR

“Tourette” OR “trisomy 21” OR “down syndrome” OR “cerebral palsy” OR



(neurodevelopmental disorders[MeSH Terms]) OR (intellectual disability[MeSH
Terms]) OR “high intellectual potential” OR “learning disabilities” OR “learning
disability” OR “communication disorder” OR (motor disorders[MeSH Terms])). A
similar expression was used in Scopus and Web of Science.

To help refine the terms relating to SEN included in the search expression,
the DSM-V(") was used based on the terms about neurodevelopmental disorders
and referenced in the IDEA program('9, The IDEA program categorizes students
based on their disabilities and the special education they may need.

Eligibility Criteria

The eligibility criteria are shown in Table 1, according to the PICOS
(Population, Indicator, Comparator, Outcome, Study type) criteria. In addition,

only articles in English and Portuguese were considered.

Table 1. Eligibility criteria of the studies selected according to Population, Indicator, Comparator, Outcomes, and Study
design (PICOS) format.

PICOS Inclusion Criteria Exclusion Criteria
Population Children and adolescents <19 years old. Population >19 years olc! or with a prior diagnosis of
special dietary needs.
Med1terr_anean Qlet evaluat19n through Mediterranean Diet presented but not associated with a
. scores like Mediterranean Diet Score, - . X .
Indicator - special educational need; other dietary patterns
KIDMED, and Mediterranean Adequacy l d- onl ific food l d
Index. evaluated; only specific food groups evaluated.
Comparator Not applicable. Not applicable.
Diagnosis, symptomatology and/or well- Diagnosis, symptomatology and/or well-being of children
Outcome being of children and adolescents with and adolescents with special educational needs without
special educational needs. considering the influence of their diet.
Study Original studies Reviews, only abstracts, case studies of one individual,
Design g : books, and paper conferences.

Study Selection and Data Extraction

Two reviewers applied the eligibility criteria and selected the studies for
inclusion in this systematic review through title and abstract reading. In cases of
disagreement, a third reviewer confirmed the selection. Then, two reviewers
thoroughly evaluated the full-text studies to determine which ones should be
included in this systematic review. When disagreements arose, a third reviewer

assisted in the decision-making process, relying on the support of literature to find



coherence.

Following the establishment of exclusion and inclusion criteria, all selected
article references underwent thorough examination to uncover additional
pertinent information, employing the snowballing technique procedure(?3),

The entire process of reviewing the articles and the reason for those that

were excluded are shown in the PRISMA flowchart (Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) fluxogram.

All the necessary information to answer the study objectives has already
been published within the papers, so no contact with authors was needed. There
was no minimum number of studies to include in this review.

Table 2 presents the eligible studies included in this systematic review. The

following topics are described: author, year; country; type of study; sample size,



age, and sex; Mediterranean Diet (instrument and adherence level); SEN
(identification, prevalence and method for symptomatology); association found
between MD and SEN; and the quality assessment score. Table 3 summarizes the
instruments used to assess the adherence to MD and its characterization.

Identified records were de-duplicated using Systematic Review Assistant
De-duplication?¥ followed by a manual search in Endnote®). Starting from 441
articles, 13 were selected after abstract screening and, of those, six were included
in the qualitative synthesis (Figure 1).

Quality assessment

To assess the quality of all included cohort and case-control studies, the
Newcastle-Ottawa Scale (NOS)@® was applied, which provides an overall quality
score ranging from 0 to 9 points. For cross-sectional studies, an adapted version
of the NOS?”) was used, ranging from 0 to 8 points. This adapted version has been

previously applied in the quality evaluation of other systematic reviews(?? 29),

Results

Six studies were examined and summarized in Tables 2 and 3, which
included two cross-sectional studies(% 31 three case-control studies32-34, and one
cohort study®3. Collectively, the studies involved 868 participants aged between
six(30: 32-34) and 1834 35 years old. Two of the studies were published between 2017
and 20186 33) while the remaining four were published between 2019 and 202230
32,34, 35 Geographically, four studies were conducted in Europe% 31,33, 35 and two
in Asia®®% 34, One article provided data about children®?) and five articles included

data on both children and adolescents(3? 31, 33-35) (Table 2).



For quality assessment, both the two cross-sectional articles and the one
cohort article scored 7.00 points. The three case-control studies included had a
mean score of 7.00 + 0.82 (ranging from 6.00 to 8.00 points) (Table 2).

This systematic review identified two instruments for measuring adherence
to the MD principles, as shown in Table 3. Within the instruments, five articles
used the Mediterranean Diet Quality Index for Children and Adolescents (KIDMED),
which stands out as being the most frequently used tool to assess adherence to
the MDG0, 31,3335 The other article employed the Mediterranean Diet Score (MDS),
which was calculated based on the results of a food frequency questionnaire?),

The selected studies explored the relationship between adherence to the
MD with ADHD in five studies®?-34) and with Obsessive-Compulsive Tics Disorder
(OCTD) in one study®). The outcomes of the studies diverge into the
symptomatology of the SEN, which was studied in three studies®% 34 35 and the
diagnosis itself in three studies(®'-33 (Table 2).

For identification of ADHD, it was mostly used the Diagnostic and Text
Revision of Statistical Manual of Mental Disorders-Fourth Edition (three out of six
studies('-33), and for OCTD it was used the Yale Global Tic Severity Scale and
Yale-Brown Obsessive Compulsive Scale(®). Additionally, the sample of the articles
that studied ADHD included 33%? to 100%(39 individuals with the outcome,
whereas the one study about OCTD included 100%3% of individuals with the
outcome (Table 2).

Regarding ADHD diagnosis, two case-control studies®? 33) found that higher

adherence to the MD was linked to a lower likelihood of ADHD diagnosis. Also, one



Table 2 Characteristics of the included studies assessing adherence to the Mediterranean Diet and related outcomes in children and adolescents with special educational needs
Author, Tvoe of Si?;gle Mediterranean Diet (MD) Special Education Needs (SEN) Association Quality
year Country !{L d age a’n d L Method for between MD assessment
(reference) y gs;x Instrument Adherence level Identification Prevalence symptomatology and SEN score
33% of the
individuals Negative
B Diagnostic and Text diagnosed association
n = 360 Revision of Statistical with was found
Darabi Z et Case- 6-13 Mediterranean | The sample was divided by . 1
32 Iran . - Manual of Mental Attention | @ -------- between 6
al., 202262 control | years old Diet Score tertiles. Disorders-Fourth Defici dh
76% male isorders-Fourt eficit adherence to
Edition (DSM-IV TR) Hyperactivity MD and ADHD
Disorder diagnosis.
(ADHD)
100% of the Negative
n=9 Yale Global Tic icri]givli?)z:g asso%:iation
Briguglio M 11-18 Severity Scale and \%/ith was found
et al., Italy Cohort years old KIDMED Mean (SD): 3.0 (1.7) Y . I between 72
33) ale-Brown Obsessive Obsessive-
2019 100% - . adherence to
Compulsive Scale Compulsive
male - - MD and OCTD
Tics Disorder traits
(OCTD) )
Negative
Poor adherence: association
N =57 Mean (SD): 49.9 (11.7) 100% of the Barratt was found
Martin IS et Spain Cross 6-16 KIDMED Medium adherence: Previously diagnosed individuals Impulsivity Scale between 7
al., 2021609 P sectional | years old Mean (SD): 45.0 (9.4) with ADHD diagnosed i\)/ersionyﬂc adherence to
68% male High adherence: with ADHD MD and
Mean (SD): 41.6 (16.5) impulsivity
symptoms.
ADHD Cases:
Mean (SD): 6.2 (2.0) i .
pooradherence 17 | ST A0 S
Rios- n=120 Medium adherence: 58.3% ating 50% of the
Hernandez Case- 6-16 High adherence: 30.0% Kiddie Schedule for | 1. 14t Was found
Spain KIDMED A Affective Disorders A I EEEEL between 8!
Aetal., control | years old Controls: and Schizophrenia- diagnosed adherence to
201763 57% male Mean (SD): 8.1 (1.8) phren with ADHD
R Present and Lifetime MD and ADHD
Poor adherence: 0.0% version diagnosis
Medium adherence: 36.7% g :
High adherence: 63.3%

(Continued)



Table 2 (Continued)

Author, Tvoe of 52:2519 Mediterranean Diet (MD) Special Education Needs (SEN) Association Quality
year Country P ¢ Method for between MD assessment
study age, and Instrument Adherence level Identification Prevalence
(reference) sex symptomatology and SEN score
ADHD Cases: Negative
Mean (SD): 4.5 (2.5) Turgay DSM-IV assogaation
Low adherence: 37.5% Schedule for Based Child and was found
n =233 Medium adherence: 49.2% Affective Disorders 48% of the Adolescent
Besenek M : R - . Lo . between
Case- Aged 6- High adherence: 13.3% and Schizophrenia individuals Behavior 1
etal., Turkey l 1 KIDMED ls: f hool Aged di d Disord adherence to 7
202264 contro 8 Controls: or Schoo Age iagnose isorders MD and ADHD
63% male Mean (SD): 6.1(2.3) Children Kiddie- with ADHD Screening and diagnosis and
Poor adherence: 15.9% SADS-lifetime Version Rating Scale - in§ttention
Medium adherence: 54.0% Parent form smptoms
High adherence: 30.1% ymp )
With ADHD: .
Mean (SD): 6.4 (2.7) a?;i?;‘t‘l’gn
n =389 >7 points: 53.7%
Martin IS et Cross- 8-16 <7 points: 46.3% 46% of the was found
an Spain . KIDMED . gy DSM-IV TR individuals |  -------- between 73
al., 2018 sectional | years old Without ADHD:
. had ADHD adherence to
57% male Mean (SD): 7.9 (2.0). .
S MD and having
>7 points: 72.3 % ADHD
<7 points: 27.7% }
"The NOS for case-control studies (ranging from 0 to 9 stars), 2The NOS for cohort studies (ranging from 0 to 9 stars), SThe NOS for cross-sectional studies (ranging from 0 to 8 stars).
Table 3 Overview of the tools mentioned in the literature and the comprehensive methods used to evaluate the Mediterranean Diet pattern in children and adolescents.
Instrument g/\sitehscs)ief:tr food Components in analysis Scoring methods Score Range Adherence level References
Each food group is assigned 0 or 1 points.
1) Vegetables, (1) to (6) components: score 0 for mt_ake'
lower than the median consumption;
2) legumes, . - Sum of the
. . score 1 for intake equal or higher than the . -
Mediterranean | Food-Frequency | 3) fruits and nuts, median consumption components Higher values indicate | (3
Diet Score Questionnaire 4) grains, 5) fish, ption. . . ranging from 0 | higher adherence.
(7) to (9) components: score 0 for intake
6) meat, 7) poultry, l hih h h di to 9.
8) dairy products, 9) alcohol. equal or higher than the median
’ consumption; and score 1 for intake lower
than the median consumption.
1) Fruit, 2) vegetables, 3) fish, 4) fast-food Concerning the Mediterranean diet,
restaurants, 5) legumes grains, 6) pasta or rice, 7) . - ) Sum of the - .
. o - . - questions denoting a negative High adherence: >8.
16 items of ‘yes’ | cereal or grains for breakfast, 8) nuts, 9) olive oil, . - . components - i (30, 31, 33-35)
KIDMED o ! - connotation (n = 4) were assigned a value - Medium adherence: 4-7. >3t
or ‘no’ questions | 10) breakfast, 11) dairy products for breakfast, 12) g ot ranging from - X
- . of -1, and those with a positive aspect (n Poor adherence: <3.
commercially baked goods or pastries for breakfast, | 4to12.
= 12) were scored +1.
13) yogurts or cheese, 14) sweets and candy.
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cross-sectional study®" found a negative association between adherence to the
MD and having ADHD. On the other hand, considering the symptomatology of
ADHD, one study®? reported that higher adherence to the MD may be related to
fewer impulsivity symptoms in children diagnosed with ADHD, whereas one
study®4 found that higher adherence to the MD may result in lower prevalence of
ADHD and fewer inattention symptoms (Table 2).

Regarding OCTD, one study‘®> suggested that higher adherence to the MD

was associated with fewer symptoms of this outcome (Table 2).

Discussion

This review summarizes the relationship between MD adherence and
symptomatology/well-being in children and adolescents with SEN. To evaluate
adherence to the MD, the KIDMED index was predominantly used in Mediterranean
countries(% 31, 33-35) - whereas the MDS was used in a non-Mediterranean country
(32), The KIDMED index, specifically developed for children and adolescents, was
the most frequently used instrument to assess adherence to the MD, featuring in
five out of six articles reviewed, which is appropriate since the primary focus of
this review was on children and adolescents.

Several studies included in this review investigated the potential benefits
of the MD for both OCTD and ADHD. For OCTD, one study found that higher
adherence to the MD led to improvements in symptomatology©>. For ADHD, the
findings suggest higher adherence to MD may positively affect specific outcomes.
Specifically, one study reported decreased impulsivity in individuals with ADHD0),
three studies observed a reduced likelihood of ADHD diagnosis©®% 33) or having
ADHD altogether®", and one study found a decrease in both diagnosis probability

and inattentive symptoms®4,
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Out of all the SEN studied, ADHD stood out as the SEN that was most
extensively researched, with five out of six articles included focusing on it, which
could be justified by its significant worldwide prevalence of approximately
8.0%39), affecting about 84.8 million people in 202167, In addition, there is a
substantial body of research indicating an association between the symptoms of
ADHD and the consumption of some specific foods(3% 39,

The studies included in this review indicate that promoting the MD could
potentially offer benefits in reducing the risk or severity of ADHD symptoms in
children and adolescents3%-34), Notably, research has shown that adhering to a
considered healthy dietary pattern — marked by high consumption of plant-origin
sources of vitamins and minerals (such as fruits and vegetables) and by low
consumption of processed or ultra-processed food may provide a protective effect
against hyperactivity or ADHD occurrence in children“®, This finding is under the
principles of MD, which also emphasizes the inclusion of these types of foods.

Contrarily, other studies have shown that the overall sugar intake and the
consumption of sugar-sweetened beverages are associated with increased
symptoms of ADHD, particularly hyperactivity®®, and increased odds of ADHD“,
These data appear to corroborate the findings of this review, albeit indirectly, in
that they indicate that MD does not promote the consumption of this food type.

Research about the supplementation of omega-3 polyunsaturated fatty
acids has shown promise in reducing the overall ADHD symptoms©% 42 43) and in
improving attention and behavior 4, The data presented here aligns with the

findings of the aforementioned review, which suggest that the MD, rich in omega-
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3 from fish, could be a valuable nutritional approach for managing ADHD symptoms
in children and adolescents(30: 34,

A link between oxidative stress and OCTD has been identified in the
literature, with individuals diagnosed with OCTD displaying a systemic imbalance
characterized by increased markers of oxidative stress® 47), This finding has
prompted researchers to investigate the potential of antioxidants as a supportive
treatment for OCTD. Their studies suggest that the anti-inflammatory and free
radical-scavenging properties of antioxidants may counteract the effects of
oxidative stress and potentially improve OCTD symptoms“). This evidence
strengthens the potential connection between diet and OCTD, suggesting that
dietary interventions, such as MD, rich in fruits, vegetables, and whole grains, all
of which are natural sources of antioxidants, could potentially influence a
biological mechanism underlying OCTD, such as oxidative stress.

Another study on the influence of diet in OCTD highlights the importance
of consuming foods rich in vitamins B12 and folate, which aid in the synthesis of
neurotransmitters like serotonin, crucial for neuropsychiatric health*. Foods
recommended for vitamin B12 include milk, fish, poultry, and eggs®?, while
legumes, dark green leafy vegetables, and dairy products are suggested for their
folate content®)., The MD emphasizes the consumption of whole, minimally
processed foods, including lean proteins, as well as a variety of vegetables and
legumes, alongside with the dairy products consumed in moderation within this
diet. By incorporating these nutrient-dense foods, the MD not only aligns with the
study's dietary suggestions but also supports overall mental health and may offer
benefits for individuals with OCTD by promoting the synthesis of essential

neurotransmitters and providing a balanced, nutrient-rich eating pattern.
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Nonetheless, in this review, only one study found evidence that the MD itself may
alleviate symptoms of OCTD(3), and so it's important to note that, while promising,
more studies are needed to confirm the effectiveness of MD as a mainstream
treatment for OCTD.

While research on the impact of diet on SEN is ongoing, there is currently
limited research specifically on the MD and its influence on outcomes for specific
SEN, which this review couldn’t find evidence for, such as autism spectrum
disorders (ASD). However, research in ASD offers some compelling evidence
regarding how the consumption of certain foods and the adherence to specific
dietary patterns may influence the symptomatology of individuals with this
condition(®2 33), Studies have shown that children with ASD often have higher levels
of inflammation and gastrointestinal issues due to an altered microbiome and
disruption of the gut-brain axis, which can exacerbate their symptoms®4>6), The
MD has been linked to improved brain function, reduced inflammation, and
enhanced gut health®”> %8 suggesting that by adopting a MD, these inflammatory
markers could be reduced, potentially alleviating some of the behavioral and
cognitive challenges associated with ASD.

Although current evidence does not support the use of vitamin D
supplementation as a monotherapy for children with ASD, considering its long-
term tolerability, and critical role in brain function and development, vitamin D
might be a valuable complementary treatment for ASD®?. Particularly,
supplementation has shown benefits in reducing hyperactivity and irritability
symptoms in children with ASD®0 61 Natural sources of vitamin D include fatty

fish, meat, egg yolks, and dairy products(®?), all of which are emphasized in the
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MD. Accordingly, MD could provide a foundation for future dietary interventions
aimed at managing ASD symptoms through nutritional support. Still, even though
it seems that integrating a Mediterranean dietary approach might offer a valuable
strategy for managing ASD symptoms, further studies specifically focusing on the
effects of the MD on ASD are needed to confirm these potential benefits.

According to the review, nutritional interventions appear to offer benefits
for children and adolescents with SEN, especially those who do not respond to
medication or are too young for medication. Dietary adjustments, such as
promoting a healthy and balanced diet like MD, can play a significant role in
managing symptoms of these conditions. Indeed, evidence has shown that dietary
patterns have a stronger association with health outcomes than any individual food
item, as those consider the combined elements, relationships, and effects of foods
on human health(©3-%9), While dietary changes may not replace medication entirely,
they can be a valuable complementary approach. Therefore, collaborating with
healthcare professionals, including nutritionists, could help tailor future dietary
interventions to best support children and adolescents with SEN. Further
investigation is necessary to refine and validate nutritional interventions, ensuring
they are evidence-based and useful for diverse types of SEN.

This systematic review represents a significant contribution to the field of
pediatric nutrition, as it is the first comprehensive attempt to assess the existing
literature on the association between adherence to the MD and various health
aspects in children and adolescents with SEN. A key strength of the review lies in
the rigorous quality assessment process employed to evaluate all the included
studies, as well as the detailed follow-up of the entire PRISMA methodology.

However, the heterogeneity of the studies, which employed diverse
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methodologies, populations, interventions, and outcome measures, restricts our
ability to draw definitive conclusions. While providing valuable insights, the
limited number of studies requires caution in drawing general conclusions, which
underscores the need for further research to confirm the findings and enhance
their reliability. Additionally, three of the six studies included were cross-
sectional, making it impossible to establish causal relationships.

This review identifies promising evidence for the potential benefits of MD
in managing ADHD and OCTD symptoms. However, further well-designed
prospective studies are necessary to track changes over time in ADHD and OCTD
symptoms alongside with measuring the adherence to the MD, which could help
establish a possible causal relationship between the MD and symptom
improvement. Future research should not only corroborate these findings but also
explore how adherence to the MD, as assessed by validated scoring systems,
influences other SEN like ASD, where preliminary evidence suggests an association

between its symptomatology and specific MD components.

Conclusions

This review consistently demonstrates that better adherence to the MD is
associated with a lower prevalence and severity of symptoms of SEN in children
and adolescents. Specifically, adherence to the MD may decrease the likelihood
of being diagnosed with ADHD and can also alleviate symptoms of ADHD and OCTD.
While research suggest that dietary interventions promoting the MD could be
advantageous in managing or potentially lowering the risk of SEN, future research
is still necessary to confirm these findings and explore whether the MD could be

beneficial for other SEN as well.



16

References

1. Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and
health status: an updated meta-analysis and a proposal for a literature-based
adherence score. Public Health Nutr. 2014; 17(12):2769-82. doi:
10.1017/51368980013003169 )
2. Sanchez-Sanchez ML, Garcia-Vigara A, Hidalgo-Mora JJ, Garcia-Pérez M-A,
Tarin J, Cano A. Mediterranean diet and health: A systematic review of
epidemiological studies and intervention trials. Maturitas. 2020; 136:25-37. doi:
10.1016/j.maturitas.2020.03.008

3. Ventriglio A, Sancassiani F, Contu MP, Latorre M, Di Slavatore M, Fornaro
M, et al. Mediterranean Diet and its Benefits on Health and Mental Health: A
Literature Review. Clin Pract Epidemiol Ment Health. 2020; 16(Suppl-1):156-64.
doi: 10.2174/1745017902016010156

4, Estruch R, Ros E, Salas-Salvadé J, Covas MI, Corella D, Arés F, et al. Primary
Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented
with Extra-Virgin Olive Oil or Nuts. N Engl J Med. 2018; 378(25):e34. doi:
10.1056/NEJM0a1800389

5. Davis C, Bryan J, Hodgson J, Murphy K. Definition of the Mediterranean Diet;
A Literature Review. Nutrients. 2015; 7(11):9139-53. doi: 10.3390/nu7115459

6. Guasch-Ferré M, Willett WC. The Mediterranean diet and health: a
comprehensive overview. Journal of Internal Medicine. 2021; 290(3):549-66. doi:
10.1111/joim.13333

7. laccarino Idelson P, Scalfi L, Valerio G. Adherence to the Mediterranean
Diet in children and adolescents: A systematic review. Nutr Metab Cardiovasc Dis.
2017; 27(4):283-99. doi: 10.1016/j.numecd.2017.01.002

8. Masini A, Dallolio L, Sanmarchi F, Lovecchio F, Falato M, Longobucco Y, et
al. Adherence to the Mediterranean Diet in Children and Adolescents and
Association with Multiple Outcomes: An Umbrella Review. Healthcare (Basel).
2024; 12(4). doi: 10.3390/healthcare12040449

9. Department for Education and Department of Health and Social Care.
(2015). Special educational needs and disability code of practice: 0 to 25 years.
Available in: https://www.gov.uk/government/publications/send-code-of-
practice-0-to-25.

10.  National Center for Education Statistics. Students With Disabilities: U.S.
Department of Education, Institute of Education Sciences; 2024. Available in:
https://nces.ed.gov/programs/coe/indicator/cgg.

11.  Diagnostic and statistical manual of mental disorders: DSM-5™ 5th ed.
Arlington, VA, US: American Psychiatric Publishing, Inc.; 2013. doi:
10.1176/appi.books.9780890425596

12. Hartman RE, Patel D. Dietary Approaches to the Management of Autism
Spectrum Disorders. Adv Neurobiol. 2020; 24:547-71. doi: 10.1007/978-3-030-
30402-7_19

13.  Mazahery H, Stonehouse W, Delshad M, Kruger MC, Conlon CA, Beck KL, et
al. Relationship between Long Chain n-3 Polyunsaturated Fatty Acids and Autism
Spectrum Disorder: Systematic Review and Meta-Analysis of Case-Control and
Randomised Controlled Trials. Nutrients. 2017; 9(2). doi: 10.3390/nu9020155

14.  Pelsser LM, Frankena K, Toorman J, Rodrigues Pereira R. Diet and ADHD,
Reviewing the Evidence: A Systematic Review of Meta-Analyses of Double-Blind
Placebo-Controlled Trials Evaluating the Efficacy of Diet Interventions on the



17

Behavior of Children with ADHD. PLoS One. 2017; 12(1):e0169277. doi:
10.1371/journal.pone.0169277

15.  Heilskov Rytter MJ, Andersen LB, Houmann T, Bilenberg N, Hvolby A,
Mglgaard C, et al. Diet in the treatment of ADHD in children - a systematic review
of the literature. Nord J Psychiatry. 2015; 69(1):1-18. doi:
10.3109/08039488.2014.921933

16.  Konikowska K, Regulska-llow B, Rozanska D. The influence of components
of diet on the symptoms of ADHD in children. Rocz Panstw Zakl Hig. 2012;
63(2):127-34.

17. Richardson AJ. Omega-3 fatty acids in ADHD and related
neurodevelopmental disorders. Int Rev Psychiatry. 2006; 18(2):155-72. doi:
10.1080/09540260600583031

18.  Onal S, Sachadyn-Krél M, Kostecka M. A Review of the Nutritional Approach
and the Role of Dietary Components in Children with Autism Spectrum Disorders
in Light of the Latest Scientific Research. Nutrients. 2023; 15(23). doi:
10.3390/nu15234852

19. Lange KW, Lange KM, Nakamura Y, Reissmann A. Nutrition in the
Management of ADHD: A Review of Recent Research. Curr Nutr Rep. 2023;
12(3):383-94. doi: 10.1007/513668-023-00487-8

20. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, loannidis JP, et
al. The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: explanation and elaboration. Bmj.
2009; 339:b2700. doi: 10.1136/bmj.b2700

21.  Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. Bmj. 2015; 350:¢7647. doi:
10.1136/bmj.g7647

22. Silva N, Teixeira B, Gomes N. Adherence to the Mediterranean Diet and its
association with the diagnosis, symptomatology and well-being of children and
adolescents with special education needs: a systematic review. 2024.

23.  Wohlin C. Guidelines for snowballing in systematic literature studies and a
replication in software engineering. In: Proceedings of the 18th International
Conference on Evaluation and Assessment in Software Engineering; London,
England, United Kingdom. Association for Computing Machinery; 2014. p. Article
38. doi: 10.1145/2601248.2601268

24. Rathbone J, Carter M, Hoffmann T, Glasziou P. Better duplicate detection
for systematic reviewers: evaluation of Systematic Review Assistant-Deduplication
Module. Syst Rev. 2015; 4(1):6. doi: 10.1186/2046-4053-4-6

25.  Clarivate Analytics. Endnote. Boston, MA: Clarivate Analytics; 2019.

26. Wells G, Shea B, O'Connell D, Peterson j, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Non-Randomized
Studies in Meta-Analysis. 2000.

27. Moskalewicz A, Oremus M. No clear choice between Newcastle-Ottawa
Scale and Appraisal Tool for Cross-Sectional Studies to assess methodological
quality in cross-sectional studies of health-related quality of life and breast
cancer. J Clin Epidemiol. 2020; 120:94-103. doi: 10.1016/j.jclinepi.2019.12.013



18

28. Alshabanat A, Zafari Z, Albanyan O, Dairi M, FitzGerald JM. Asthma and
COPD Overlap Syndrome (ACOS): A Systematic Review and Meta Analysis. PLoS
One. 2015; 10(9):e0136065. doi: 10.1371/journal.pone.0136065

29. Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi G, Rapi S, et
al. Panethnic Differences in Blood Pressure in Europe: A Systematic Review and
Meta-Analysis. PLoS One. 2016; 11(1):e0147601. doi:
10.1371/journal.pone.0147601

30. Martin IS, Rojo SS, Vilar EG, Cosano LG, de la Campa RC, Olivares JAB.
Lifestyle factors, diet and attention-deficit/hyperactivity disorder in Spanish
children - an observational study. Nutritional Neuroscience. 2021; 24(8):614-23.
doi: 10.1080/1028415X.2019.1660486

31.  Martin IS, Olivares JAB, Vilar EG, Lopez ME, Bernat MG, Santos YQ, et al.
Nutritional and environmental factors in attention-deficit hyperactivity disorder
(ADHD): A cross-sectional study. Nutritional Neuroscience. 2018; 21(9):641-47.
doi: 10.1080/1028415X.2017.1331952

32. Darabi Z, Vasmehjani AA, Darand M, Sangouni AA, Hosseinzadeh M.
Adherence to Mediterranean diet and attention-deficit/hyperactivity disorder in
children: A case control study. Clin Nutr ESPEN. 2022; 47:346-50. doi:
10.1016/j.clnesp.2021.11.014

33. Rios-Hernandez A, Alda JA, Farran-Codina A, Ferreira-Garcia E, Izquierdo-
Pulido M. The Mediterranean Diet and ADHD in Children and Adolescents.
Pediatrics. 2017; 139(2). doi: 10.1542/peds.2016-2027

34. Besenek M, Yazici M. Mediterranean diet habits and their effects on
symptomatology among children and adolescents with attention deficit
hyperactivity disorder. Klinik Psikiyatri Dergisi-Turkish Journal of Clinical
Psychiatry. 2022; 25(2):193-201. doi: 10.5505/kpd.2022.66592

35.  Briguglio M, Dell'Osso B, Galentino R, Banfi G, Porta M. Higher adherence
to the Mediterranean diet is associated with reduced tics and obsessive-
compulsive symptoms: A series of nine boys with Obsessive-Compulsive Tic
Disorder [Article]. Nutrition Clinique et Metabolisme. 2019; 33(3):227-30. doi:
10.1016/j.nupar.2019.04.004

36. Ayano G, Demelash S, Gizachew Y, Tsegay L, Alati R. The global prevalence
of attention deficit hyperactivity disorder in children and adolescents: An
umbrella review of meta-analyses. J Affect Disord. 2023; 339:860-66. doi:
10.1016/j.jad.2023.07.071

37. Institute For Health Metrics and Evaluation. Attention-deficit/hyperactivity
disorder - Level 3 cause. Available in: https://www.healthdata.org/research-
analysis/diseases-injuries-risks/factsheets/2021-attention-deficithyperactivity-
disorder.

38. Farsad-Naeimi A, Asjodi F, Omidian M, Askari M, Nouri M, Pizarro AB, et al.
Sugar consumption, sugar sweetened beverages and Attention Deficit
Hyperactivity Disorder: A systematic review and meta-analysis. Complement Ther
Med. 2020; 53:102512. doi: 10.1016/j.ctim.2020.102512

39.  Konigs A, Kiliaan AJ. Critical appraisal of omega-3 fatty acids in attention-
deficit/hyperactivity disorder treatment. Neuropsychiatr Dis Treat. 2016;
12:1869-82. doi: 10.2147/NDT.S68652

40. Del-Ponte B, Quinte GC, Cruz S, Grellert M, Santos IS. Dietary patterns and
attention deficit/hyperactivity disorder (ADHD): A systematic review and meta-
analysis. J Affect Disord. 2019; 252:160-73. doi: 10.1016/j.jad.2019.04.061



19

41. Shareghfarid E, Sangsefidi ZS, Salehi-Abargouei A, Hosseinzadeh M.
Empirically derived dietary patterns and food groups intake in relation with
Attention Deficit/Hyperactivity Disorder (ADHD): A systematic review and meta-
analysis. Clin Nutr ESPEN. 2020; 36:28-35. doi: 10.1016/j.clnesp.2019.10.013

42. Chang JP, Su KP. Nutritional Neuroscience as Mainstream of Psychiatry: The
Evidence- Based Treatment Guidelines for Using Omega-3 Fatty Acids as a New
Treatment for Psychiatric Disorders in Children and Adolescents. Clin
Psychopharmacol Neurosci. 2020; 18(4):469-83. doi: 10.9758/cpn.2020.18.4.469
43.  Chang JP, Su KP, Mondelli V, Pariante CM. Omega-3 Polyunsaturated Fatty
Acids in Youths with Attention Deficit Hyperactivity Disorder: a Systematic Review
and Meta-Analysis of  Clinical  Trials and Biological  Studies.
Neuropsychopharmacology. 2018; 43(3):534-45. doi: 10.1038/npp.2017.160

44.  Chang JP, Su KP, Mondelli V, Satyanarayanan SK, Yang HT, Chiang YJ, et al.
High-dose eicosapentaenoic acid (EPA) improves attention and vigilance in
children and adolescents with attention deficit hyperactivity disorder (ADHD) and
low endogenous EPA levels. Transl Psychiatry. 2019; 9(1):303. doi:
10.1038/s41398-019-0633-0

45.  Assareh M, Davari Ashtiani R, Khademi M, Jazayeri S, Rai A, Nikoo M.
Efficacy of Polyunsaturated Fatty Acids (PUFA) in the Treatment of Attention
Deficit Hyperactivity Disorder. J Atten Disord. 2017; 21(1):78-85. doi:
10.1177/1087054712463962

46. Shrivastava A, Kar SK, Sharma E, Mahdi AA, Dalal PK. A study of oxidative
stress biomarkers in obsessive compulsive disorder. Journal of Obsessive-
Compulsive and Related Disorders. 2017; 15:52-56. doi:
10.1016/j.jocrd.2017.09.004

47. Maia A, Oliveira J, Lajnef M, Mallet L, Tamouza R, Leboyer M, et al.
Oxidative and nitrosative stress markers in obsessive-compulsive disorder: a
systematic review and meta-analysis. Acta Psychiatr Scand. 2019; 139(5):420-33.
doi: 10.1111/acps.13026

48. Baratzadeh F, Elyasi S, Mohammadpour AH, Salari S, Sahebkar A. The Role
of Antioxidants in the Management of Obsessive-Compulsive Disorder. Oxidative
Medicine and Cellular Longevity. 2021; 2021:1-15. doi: 10.1155/2021/6661514
49. Sarkar S, Sarkar S. Nutritional and Dietary Role in Neuropsychiatric
Disorders Depression and Obsessive- Compulsive Disorder (OCD). 2024. ISBN:
9781003387893

50. Scientific Opinion on Dietary Reference Values for cobalamin (vitamin B12).
EFSA Journal. 2015; 13(7):4150. doi: 10.2903/j.efsa.2015.4150

51.  Turck D, Bohn T, Castenmiller J, De Henauw S, Hirsch-Ernst Kl, Knutsen HK,
et al. Scientific opinion on the tolerable upper intake level for folate. EFSA
Journal. 2023; 21(11). doi: 10.2903/j.efsa.2023.8353

52. Rodop B, Baskaya E, Altuntas i, Erbas O. Nutrition Effect on Autism
Spectrum Disorders. 2021; 2:7-17. doi: 10.5606/jebms.2021.75633

53. Sathe N, Andrews JC, McPheeters ML, Warren ZE. Nutritional and Dietary
Interventions for Autism Spectrum Disorder: A Systematic Review. Pediatrics.
2017; 139(6). doi: 10.1542/peds.2017-0346

54. Wong GC, Montgomery JM, Taylor MW. The Gut-Microbiota-Brain Axis in
Autism Spectrum Disorder. In.: Exon Publications; 2021. p. 95-114. doi:
10.36255/exonpublications.autismspectrumdisorders.2021.gutmicrobiota



20

55. Taniya MA, Chung H-J, Al Mamun A, Alam S, Aziz MA, Emon NU, et al. Role
of Gut Microbiome in Autism Spectrum Disorder and Its Therapeutic Regulation.
Frontiers in Cellular and Infection Microbiology. 2022; 12. doi:
10.3389/fcimb.2022.915701

56. Karhu E, Zukerman R, Eshraghi RS, Mittal J, Deth RC, Castejon AM, et al.
Nutritional interventions for autism spectrum disorder. Nutrition Reviews. 2020;
78(7):515-31. doi: 10.1093/nutrit/nuz092

57. Barber TM, Kabisch S, Pfeiffer AFH, Weickert MO. The Effects of the
Mediterranean Diet on Health and Gut Microbiota. Nutrients. 2023; 15(9):2150.
doi: 10.3390/nu15092150

58. Martinez-Lacoba R, Pardo-Garcia |, Amo-Saus E, Escribano-Sotos F.
Mediterranean diet and health outcomes: a systematic meta-review. European
Journal of Public Health. 2018; 28(5):955-61. doi: 10.1093/eurpub/cky113

59. LiB, XuY, Zhang X, Zhang L, Wu Y, Wang X, et al. The effect of vitamin D
supplementation in treatment of children with autism spectrum disorder: a
systematic review and meta-analysis of randomized controlled trials. Nutritional
Neuroscience. 2022; 25(4):835-45. doi: 10.1080/1028415X.2020.1815332

60. Mazahery H, Conlon CA, Beck KL, Mugridge O, Kruger MC, Stonehouse W, et
al. A randomised controlled trial of vitamin D and omega-3 long chain
polyunsaturated fatty acids in the treatment of irritability and hyperactivity
among children with autism spectrum disorder. The Journal of Steroid
Biochemistry and Molecular Biology. 2019; 187:9-16. doi:
10.1016/j.jsbmb.2018.10.017

61. Feng J, Shan L, Du L, Wang B, Li H, Wang W, et al. Clinical improvement
following vitamin D3 supplementation in Autism Spectrum Disorder. Nutr Neurosci.
2017; 20(5):284-90. doi: 10.1080/1028415X.2015.1123847

62. Dietary reference values for vitamin D. EFSA Journal. 2016; 14(10):e04547.
doi: 10.2903/j.efsa.2016.4547

63. Hu FB. Dietary pattern analysis: a new direction in nutritional
epidemiology. Curr Opin Lipidol. 2002; 13(1):3-9. doi: 10.1097/00041433-
200202000-00002

64. Hodge A, Bassett J. What can we learn from dietary pattern analysis? Public
Health Nutr. 2016; 19(2):191-4. doi: 10.1017/51368980015003730

65. Miller GD, Ragalie-Carr J, Torres-Gonzalez M. Perspective: Seeing the
Forest Through the Trees: The Importance of Food Matrix in Diet Quality and
Human Health. Adv Nutr. 2023; 14(3):363-65. doi: 10.1016/j.advnut.2023.03.005









