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Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental disorders in childhood,

affecting ~7% of children and adolescents. Specific dietary interventions have been proposed as coadjuvant treatments in

this disorder. These include nutritional supplements with vitamins, minerals, and polyunsaturated fatty acids; microbiome-

targeted interventions with pre-, pro-, and synbiotics; and specific diets such as restriction or elimination diets. Regarding

nutritional supplements, only vitamin D and vitamin D + magnesium appear to improve ADHD symptoms when baseline

levels of vitamin D are insufficient/deficient. As for biotics, evidence has only been found for Lactobacillus rhamnosus GG
and for multi-species probiotic supplementation. Elimination diets have scarce evidence and lead to nutritional

deficiencies, so caution is advised.
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1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder mainly characterized by hyperactivity,

inattention, and impulsivity symptoms . Beyond its adverse health outcomes , the healthcare and societal costs of

the management of children and adolescents with ADHD makes it inevitable to search for other treatment options. In the

United Kingdom, the mean cost per adolescent for the National Health Service, social care, and education resources in a

12-month period related to ADHD was GBP 5493 . In Spain, the estimated average cost of ADHD, per year, per

child/adolescent, was EUR 5733 in 2012, and pharmacotherapy accounted for 25.8% of direct costs and 15.5% of total

costs .

The etiology of ADHD relies on both genetic and environmental factors . Diet, as a modifiable environmental factor, has

been investigated as a potential therapy option in ADHD. Studies have shown that children with ADHD show less

adherence to healthy eating patterns than children without this disorder . Moreover, dietary patterns may influence

the risk of ADHD, since patterns described as “Junk-food”, “Processed”, “Snack”, “Sweet”, and “Western-like” have been

positively associated with this pathology . On the other hand, healthy eating patterns, such as the Mediterranean

diet, Dietary Approaches to Stop Hypertension (DASH), and vegetarian diets, filled with vegetables and fruits and rich in

micronutrients, have been inversely associated with the risk of ADHD . Furthermore, since diet plays an important role

in children’s health and development, school food environment policies may improve targeted dietary behaviors and

therefore be a critical tool to promote healthy diets in children .

Recently, specific nutrients, such as vitamin D, zinc, iron, and polyunsaturated fatty acids (PUFAs), have been proposed

as coadjuvants in the treatment of ADHD . Numerous diet interventions such as elimination diets and dietary

supplementation have also been investigated, but the results remain controversial since there is a lack of high-quality

RCTs that corroborate the efficacy of these interventions .

2. Attention Deficit Hyperactivity Disorder (ADHD)

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental disorders in childhood,

affecting about 7% of children and adolescents worldwide . It begins in early childhood and, in most cases, persists

into adulthood. Symptoms include hyperactivity, inattention, impulsivity, impaired executive function, and emotional

dysregulation, with several comorbidities emerging along the developmental trajectory . Although ADHD is highly

heritable, studies suggest that its etiology is multifactorial, with both genetic and environmental factors reflecting its

phenotypic heterogeneity .
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Diagnosis of ADHD relies mostly on diagnostic criteria provided by the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5). According to the DSM-5, at least six symptoms of inattention, hyperactivity, or both, before

the age of 12 years and in two or more settings, are required for the diagnosis of ADHD . The symptoms exhibited must

interfere with one’s functioning and may be categorized as predominantly inattentive, predominantly hyperactive, or

combined. This assessment is based on a comprehensive clinical and psychosocial evaluation, as well as a full

developmental and psychiatric history . Rating scales, though not diagnostic, should also be used to collect

supplementary information concerning the symptomatology and its severity in all settings and should be completed by

different informants, namely the parents/caregivers, teachers, and/or other relevant adult figures . Examples of

validated rating scales widely used are the Conners Comprehensive Behavior Rating Scales, the NICHQ Vanderbilt

Assessment Scale, the ADHD-RS-V, the SNAP-IV-26, and the Strengths and Difficulties Questionnaire (SDQ) .

Treatment of ADHD currently rests on pharmacotherapeutic interventions with the use of stimulant (methylphenidate and

amphetamine formulations) and non-stimulant medications (selective alpha-2 adrenergic agonists: guanfacine, clonidine;

and selective norepinephrine reuptake inhibitor: atomoxetine) , both of which have proven to effectively reduce

ADHD symptomatology in children and adolescents . These pharmacological approaches, however, have known side

effects. Stimulants are associated with short-term adverse effects, such as decreased appetite, weight loss, insomnia,

abdominal pain, headaches, and anxiety . They also appear to cause a decrease in growth rate, especially for those

on higher and more consistent doses, with no indication of a growth rebound . As for non-stimulants, atomoxetine is

associated with adverse effects, such as headaches, abdominal pain, decreased appetite, and somnolence in children,

and adverse effects such as nausea, dry mouth, decreased appetite, and insomnia in adults . Atomoxetine also seems

to cause suicidal thoughts in some children , though an association between atomoxetine and increased risk of

suicidality has yet to have been found . Liver injuries, though extremely rare, have been connected to treatments

with atomoxetine . A link to growth delays has also been found, though it appears to be reversible over time 

. For guanfacine, adverse effects include sedation, somnolence, fatigue, drowsiness, headaches, and upper abdominal

pain . Similarly, for clonidine, adverse effects include fatigue, irritability, pharyngolaryngeal pain, somnolence,

headaches, and upper abdominal pain . Both types of drugs (stimulant and non-stimulant) have effects on heart rate

and blood pressure, but the risk of major adverse cardiovascular events is significantly low . Psychosis and mania,

though infrequent, have also been reported to occur in those treated with these types of medication .

Besides the aforementioned pharmacological treatments, non-pharmacological interventions, such as psychological

therapies and diet, have also been used for the management of ADHD. The psychological therapies include behavioral

therapy, cognitive training, and neurofeedback. Of these three, however, only behavioral therapy has shown statistically

significant benefits and can be recommended as an evidence-based intervention . In fact, behavioral therapy

combined with stimulants appears to be more effective than treatment with stimulants or non-stimulants alone .

Regarding dietary interventions, they mostly focus on dietary supplements with vitamins, minerals, and PUFAs,

microbiome-targeted interventions with pre-, pro-, and synbiotic supplementation, and restriction or elimination diets. More

recently, studies have focused on dietary patterns with a more holistic approach, as treatment options for ADHD  and

the most promising dietetic approaches in ADHD are, in fact, food patterns considered to be healthy (i.e., Mediterranean

diet and DASH) and the Few-Foods Diet for children . Still, the quality of evidence for the impact of non-

pharmacological treatments in ADHD is moderately low for the time being, which highlights the need for future high-quality

randomized trials .

3. Nutritional Supplements

A systematic review and meta-analysis of four randomized controlled trials (RCT), with a total of 256 children, addressing

vitamin D supplementation as an adjunctive therapy to methylphenidate, demonstrated a small but statistically significant

improvement in ADHD total scores, inattention, hyperactivity, and behavior scores, but no statistically significant

improvement in oppositional scores . Of all these RCTs, it is important to note that only Dehbokri et al.  assessed the

baseline levels of vitamin D and found that children with a sufficient level at baseline did not show improvements in ADHD

scores following 50,000 IU/week vitamin D supplementation for 6 weeks. This result could indicate that only ADHD

children with insufficient or deficient vitamin D levels might benefit from this diet intervention and that monitoring their

plasmatic levels of vitamin D should be a regular procedure. In summary, the findings of this meta-analysis conclude that

there is clinical evidence that vitamin D supplementation may improve ADHD symptoms without any obvious side effects.

The included RCTs in the meta-analysis were within safe and acceptable ranges of doses and duration of

supplementation, since it has been reported that severe adverse effects could occur after 12 to 52 weeks supplementation

of 40,000 IU/day .
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Hemamy et al.  performed a randomized, double-blind, placebo-controlled clinical trial with 66 children with ADHD to

test vitamin D and magnesium. The authors assessed children’s mental health at baseline and at the end of the study

using the Strengths and Difficulties Questionnaire (SDQ) and found that co-supplementation for a duration of 8 weeks with

50,000 IU/week of 25-hydroxy-vitamin D3 and 6 mg/kg/day of magnesium significantly reduced emotional problems (p =

0.001), conduct problems (p = 0.002), peer problems (p = 0.001), the prosocial score (p = 0.007), total difficulties (p =

0.001), the externalizing score (p = 0.001), and the internalizing score (p = 0.001), compared with the placebo group. It is

important to note that both groups were on methylphenidate (31.33 ± 9.93 mg/kg in the intervention group versus 31.21 ±

8.81 mg/kg in the control group); however, the results were adjusted for the effect of this therapy. This study showed that

supplementing with vitamin D and magnesium could improve the behavioral function and mental health of medicated

children with ADHD.

There is no evidence on the effect of dietary supplements with retinol in ADHD symptoms, but recently there has been a

registered protocol for a randomized, double-blinded, placebo-controlled, multicentric trial in China  which aims to

determine the effect of vitamin A and D supplementation, as an adjunctive therapy to methylphenidate, on ADHD

symptoms. The authors have a target of 504 patients who will be followed for 8 weeks and will be allocated into three

groups (vitamin AD, vitamin D, and placebo). This will be the first clinical trial to examine the effects of vitamin A and

vitamin D co-supplementation in ADHD; however, there are still no published results of this RCT.

Dietary supplementation with zinc and iron was assessed in a systematic review of nine randomized clinical trials . This

systematic review showed that, compared with placebo, dietary supplementation with zinc and iron for 6 to 10 weeks was

associated with improvements in ADHD severity at the end of the treatments. Although the effect size of the outcomes

tended to be low and/or focused on specific ADHD symptoms/measures, they appear to be most consistent for zinc .

The role of zinc and iron as dopamine reuptake inhibitors, which is the same core target as the stimulant medications

used in the combined treatment plans for the disorder, could potentially explain the path between zinc–iron levels and the

various ADHD manifestations . However, another systematic review  revealed, in 2013, that, when adjusting for

baseline zinc levels, supplementation with zinc, either alone or in combination with stimulants, did not improve ADHD.

Table 1 summarizes the results of intervention trials with nutritional supplements (zinc, iron, and vitamin D) in ADHD.

Table 1. Intervention trials of nutritional supplements in ADHD.

Study
Sample (N and
Mean Age, in
Years)

Intervention Results

Zinc

Noorazar et al.
(2020) 

N = 60
A = 9.67

10 mg zinc/day
6 weeks + Conners Inattention score

Zamora et al. (2011) N = 40
A = 9.8

10 mg zinc/day
6 weeks + Conners score—teacher version

Arnold et al. (2011) N = 52
A = 9.8

15 mg zinc/day
8 weeks double-blind

zinc/placebo (phase 1)
2 weeks open-label fixed-

dose amphetamine (phase 2)
3 weeks double-blind

continuation + amphetamine
titration to optimal dose

(phase 3)

Clinical outcomes were equivocal, sometimes
favoring zinc, sometimes the placebo, but

objective neuropsychological measures mostly
favored b.i.d. zinc

Akhondzadeh et al.
(2004) 

N = 44
A = 7.9

15 mg zinc/day
6 weeks + ADHD-RS Parent and Teacher scores

Bilici et al. (2004) N = 400
A = 9.6

40 mg zinc/day
12 weeks

+ Hyperactive, impulsive, and socialization
symptoms

Iron

Konofal et al.
(2008) 

N = 22
A = 5.9

80 mg/day ferrous sulfate
12 weeks

+ ADHD Rating Scale (ADHD-RS) and Clinical
Global Impression-Severity (CGI-S) scores

x Conners tests

Panahandeh et al.
(2017) 

N = 42
A = 8.9

5 mg/kg/day (ferrous sulfate)
8 weeks + CSI-4 total and factor scores
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Study
Sample (N and
Mean Age, in
Years)

Intervention Results

Rucklidge et al.
(2018) 

N = 93
A = 9.7

Zinc (3.2 mg/capsule)
Iron (0.9 mg/capsule)

Dose: starting with 3 and
increasing to 12

capsules/day
10 weeks

+ Inattentive levels
x Hyperactive-impulsive symptoms

Vitamin D

Hemamy et al.
(2021) 

N = 66
A = 9.1

50,000 IU/week 25-hydroxy-
vitamin D3 + 6 mg/kg/day

magnesium
8 weeks

+ Emotional problems, conduct problems, peer
problems, prosocial score, total difficulties,

externalizing and internalizing scores

Dehbokri et al.
(2019) 

N = 96
A = 9.2

50,000 IU/week 25-hydroxy-
vitamin D3

6 weeks

+ Conners and all subscale scores, x for children
with a sufficient baseline level of vitamin D

Mohammadpour et
al. (2018) 

N = 54
A (intervention
group) = 7.70 ±

1.77
A (placebo

group) = 8.03 ±
1.44

2000 IU/day 25-hydroxy-
vitamin D3

8 weeks

+ Evening symptoms and total score of Weekly
Parent Ratings of Evening and Morning Behavior

scale
x Conners Parent Rating Scale Revised and ADHD

Rating Scale-IV scores

Elshorbagy et al.
(2018) 

N = 35
A (intervention
group) = 9.31 ±

2.60
A (placebo

group) = 8.80 ±
3.72

3000 IU/day 25-hydroxy-
vitamin D3
12 weeks

+ Cognitive function at the conceptual level,
inattention, opposition, hyperactivity, and

impulsivity domains

Naeini et al. (2019)

N = 71
A (intervention
group) = 9.20 ±

1.84
A (placebo

group) = 9.04 ±
1.2

1000 IU/day 25-hydroxy-
vitamin D3
12 weeks

+ Conners Parent Questionnaire (CPQ), Strengths
and Difficulties Questionnaire (SDQ) completed

by parents, and SDQ completed by teachers
+ Impulsivity mean scores of the Continuous

Performance Test (CPT)
x Attention and mean reaction time mean scores

of the CPT

+ = improvements; x = no improvements.

4. PUFA Supplementation

Chang et al. , in their 2018 systematic review and meta-analysis, showed that n-3 PUFA supplementation improves

total ADHD symptoms compared with placebo, but with a modest effect size (g = 0.38). However, the authors highlighted

that only studies with eicosapentaenoic acid (EPA) doses of >500 mg improve hyperactivity symptoms. n-3 PUFA

supplementation showed efficacy in improving omission and commission errors, but not memory and information

processing, in children with ADHD. On the other hand, Händel et al. , in their 2021 systematic review and meta-

analysis, with a total of 31 relevant RCTs including 1755 patients, found that PUFA supplementation showed no effect on

ADHD core symptoms rated by parents (k = 23; SMD: −0.17; 95% CI: −0.32, −0.02) or teachers (k = 10; SMD: −0.06;

95% CI: −0.31, 0.19). There was no effect on behavioral difficulties rated by parents (k = 7; SMD: −0.02; 95% CI: −0.17,

0.14) or teachers (k = 5; SMD: −0.04; 95% CI: −0.35, 0.26), and there was no effect on quality of life (SMD: 0.01; 95% CI:

−0.29, 0.31). The populations in the included studies consisted of children with ADHD in the age group ranging from 6–18

years. The interventions consisted of supplements with PUFAs with either omega 3, omega 6, or combined with both

types of fatty acids. The interventions lasted between 8 weeks to 12 months. In three of the included studies, children

were also in medical treatment in both the intervention group and the placebo group, whereby fatty acid treatment was

investigated as an active add-on treatment in the intervention group. The authors concluded that, for now, there seems to

be no benefit of PUFA supplementation in ADHD treatment. Table 2 summarizes the results of the previously described

meta-analyses of intervention trials with PUFAs in ADHD.

Table 2. Meta-analyses of intervention trials with PUFAs in ADHD.
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Authors Studies Results

Chang et al.
(2018) 

Seven RCTs assessing the effects of n-3 PUFAs
in clinical symptoms

n = 534

+ ADHD clinical symptoms scores reported by
parents

x ADHD severity reported by teachers

Three RCTs assessing the effects of n-3 PUFAs in
cognitive performance

n = 214

+ Cognitive measures associated with attention
(omission and commission errors)

x Memory and information processing

Händel et al.
(2021) 

31 RCTs assessing PUFA supplementation
N = 1775

x ADHD core symptoms rated by parents or teachers
x Behavioral difficulties rated by parents or teachers

x Quality of life

+ = improvements; x = no improvements.

Still, in a 2021 randomized placebo-controlled trial evaluating the efficacy of an omega-3/omega-6 fatty acid supplement

in 40 preschool children at risk for ADHD, Döpfner et al.  found more promising results. In this study, participants were

treated with either two capsules of an omega-3/omega-6 fatty acid supplement twice a day, corresponding to a daily dose

of 372 mg EPA, 116 mg DHA, and 40 mg gamma-linolenic acid (GLA), or a placebo for 4 months. Results following

intention-to-treat (ITT) analyses suggested moderate effects of omega-3/omega-6 PUFAs on both parent- and teacher-

rated overall ADHD symptoms, on teacher-rated inattention symptoms, and on parent-rated hyperactivity/impulsivity. The

results of the analyses including all available data, however, did not suggest an effect on parent- or teacher-rated overall

ADHD symptoms, but it did find a moderate effect on teacher-rated inattention problems, on internalizing problems in

general, emotional reactivity symptoms, and anxious/depressed symptoms. No effect was found on intellectual abilities in

either of the analyses. The authors believe these results, particularly those following ITT analyses, appear to show a slight

positive effect of omega-3/omega-6 fatty acids in preschool-age children at risk of ADHD, though they alert for the need to

replicate the study with larger samples to draw further conclusions. More recently, a 2022 Italian study with a total of 160

children investigated the efficacy of a specific omega-3/6 dietary supplement with omega-3/6 in ameliorating inattentive

symptoms in inattentive ADHD children (6–12 years) with a baseline ADHD RS Inattention score ≥ 12 . The supplement

capsules contained 279 mg EPA, 87 mg DHA, and 30 mg GLA each. The study was a randomized, double-blind, placebo-

controlled trial with a 6-month double-blind evaluation of omega-3/6 versus a placebo (phase 1) and a further 6-month

open-label treatment with omega-3/6 on all patients (phase 2). The conclusions were that no clinical beneficial effects of

omega-3/6 were detected on inattentive symptoms, suggesting a limited role of omega-3/6 dietary supplements in children

with mild ADHD. Table 3 summarizes the results of the most recent intervention trials with PUFA supplementation in

ADHD.

Table 3. Intervention trials of PUFAs in ADHD.

Study
Sample (N and
Mean Age, in
Years)

Intervention Results

Döpfner et
al. (2021)

N = 40
A (intervention
group) = 5.5 ±

0.61
A (placebo

group) = 4.97 ±
0.93

Two capsules of an Omega-3/Omega-6
fatty acid supplement twice a day,

corresponding to a daily dose of 372 mg
EPA, 116 mg DHA, and 40 mg GLA

16 weeks

+ Parent- and teacher-rated ADHD symptoms,
parent-rated internalizing symptoms, and

parent- and teacher-rated externalizing
symptoms in intention-to-treat analyses

+ Teacher-rated inattention symptoms and
parent-rated internalizing problems in
analyses involving all available data
x Intellectual abilities in either of the

analyses

Carucci et
al. (2022) N = 160

Age = 9.7 ± 1.9

Two capsules containing 279 mg EPA, 87
mg DHA, 30 mg GLA (gamma linolenic

acid) or placebo/day
6 months double-blind (phase 1)
6 months open-label (phase 2)

x ADHD RS inattention score after phase 1
+ ADHD RS total score after 12 months

+ = improvements; x = no improvements.

5. Pre-, Pro-, and Synbiotic Therapy

The development and maintenance of proper brain function is currently believed to hinge greatly on the gut microbiota,

leading to the emergence of the concept of the Microbiota–Gut–Brain Axis, which illustrates how the microbiota and the

brain communicate with each other . Alterations in gut microbiota have increasingly been associated with psychiatric,
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neurologic, and neurodegenerative disorders . In the case of ADHD, although findings are inconsistent, associations

between gut microbiome features and ADHD symptoms have been reported , and distinct gut microbiota profiles have

been found between patients with this disorder and healthy controls . The variations in the findings may be

attributed to differences between studies and participants in terms of age, geographical regions, and dietary patterns 

. Indeed, considering healthy dietary patterns (rich in vegetables, fruits, fibers, and PUFAs) have been associated

with a more diverse and compositionally distinct gut microbiota , and given the fact that dietary patterns differ

geographically, gut microbiome profiles inevitably vary across populations around the world .

Interestingly, prebiotics and probiotics seem to offer therapeutic benefits in psychiatric disorders, including ADHD .

Probiotics are living bacteria strains that provide health benefits to the host, whereas prebiotics are substrates provided by

the diet that are specifically metabolized by the host’s microbiota, conferring health benefits . A synbiotic is a “mixture of

probiotics and prebiotics that beneficially affects the host by improving the survival and implantation of live microbial

dietary supplements in the gastrointestinal tract, by selectively stimulating the growth and/or by activating the metabolism

of one or a limited number of health-promoting bacteria and thus improving host welfare” .

In a randomized double-blind, placebo-controlled prospective follow-up study, Pärtty et al.  found that probiotic

supplementation early in life appeared to reduce the risk of ADHD and Asperger syndrome developing later in childhood.

The probiotic supplementation consisted in daily Lactobacillus rhamnosus GG or placebo administration to the mother

before expected delivery for 4 weeks and after delivery for 6 months (if the mother breastfed, otherwise the intervention

was then administered directly to the child). Interestingly, the mechanisms underlying these results were not directly

associated with gut microbiota composition, as there were no distinctions found between the children with these disorders

and the ones without. Additionally, Kumperscak et al. , in a randomized double-blind, placebo-controlled prospective

trial, found that probiotic supplementation with daily Lactobacillus rhamnosus GG/placebo administration for 12 weeks

seemed to improve physical, emotional, social, and school functioning in children and adolescents with ADHD, per their

own reports. Parent and teacher reports, on the other hand, suggested no improvements. More recently, in randomized

double-blind, placebo-controlled trials, Sepehrmanesh et al.  and Ghanaatgar et al.  found that multi-species

probiotic supplementation appeared to improve symptoms of ADHD and anxiety (but not depression), and the symptoms

and severity of ADHD, respectively. This multi-species probiotic supplementation included several strains of Lactobacillus,

Bifidobacterium, Bacillus, and Streptococcus (see Table 4). Additionally, in an open-label, single-arm trial, Wang et al. 

found that probiotic supplementation with Bifidobacterium bifidum (Bf-688) appeared to significantly improve inattention

and hyperactivity/impulsivity in children with ADHD, though a future randomized controlled trial is necessary to verify these

findings.

Table 4. Intervention trials of probiotics and synbiotics in ADHD.

Study
Sample (N
and Mean
Age, in Years)

Intervention Results

Probiotics

Pärtty et al.
(2015) 

N = 75
A = birth to 13

years old

One probiotic capsule or placebo/day
4 weeks before expected delivery

24 weeks after delivery, to the children or
continuously to the mothers if breastfeeding
Probiotic capsules contained 1 × 10  CFU of

Lactobacillus rhamnosus GG

At the age of 13 y.o., in the placebo
group (n = 35), three children were

diagnosed with ADHD, one with
Asperger Syndrome (AS), and two
with ADHD and AS. In the probiotic

group (n = 40), 0 children were
diagnosed with ADHD and/or AS.

Kumperscak et
al. (2020) 

N = 32
A

(intervention
group) = 11.4

± 3.2
A (placebo

group) = 12.5
± 2.3

One probiotic capsule or placebo/day
12 weeks

Probiotic capsules contained Lactobacillus
rhamnosus GG (at least 10  CFU) and the

excipients hydroxypropyl methylcellulose (E464),
maltodextrins, and the coloring titanium dioxide

(E171)

+ Pediatric Quality of Life Inventory
(PedsQL) Child Self-Report total

score
x Pediatric Quality of Life Inventory
(PedsQL) Parent Proxy Report total

scale score
x CBCL Teacher Report Form total

scores

Sepehrmanesh
et al. (2021) 

N = 34
A

(intervention
group) = 9.3 ±

1.3
A (placebo

group) = 8.9 ±
1.0

One probiotic sachet or placebo/day
8 weeks

8 × 10  CFU/day probiotic sachet with
Lactobacillus reuteri, Lactobacillus acidophilus,
Lactobacillus fermentum, and Bifidobacterium

bifidum (each 2 × 10 )

+ ADHD Rating Scale (ADHD RS)
+ Hamilton Anxiety Rating Scale

(HAM-A)
x Children’s Depression Inventory

(CDI)
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Study
Sample (N
and Mean
Age, in Years)

Intervention Results

Ghanaatgar et
al. (2022) 

N = 38
A

(intervention
group) = 9.0 ±

1.8
A (placebo

group) = 8.6 ± 
1.7

One multi-species probiotic capsule or
placebo/day

8 weeks
Probiotic capsules contained 14 strains of

bacteria (Bio-Kult-protexin: 2 × 10  CFU/capsule),
including Bacillus subtilis PXN 21,

Bifidobacterium bifidum PXN 23, Bifidobacterium
breve PXN 25, Bifidobacterium infantis PXN 27,
Bifidobacterium longum PXN 30, Lactobacillus
acidophilus PXN 35, Lactob. delbrueckii ssp.

Bulgaricus PXN 39, Lactob. casei PXN 37, Lactob.
plantarum PXN 47, Lactob. rhamnosus PXN 54,

Lactob. helveticus PXN 45, Lactob. salivarius PXN
57, Lactococcus lactis ssp. lactis PXN 63, and

Streptococcus thermophiles PXN 66

+ Conners Parent Rating Scale—
short version (CPRS RS) scores at

the 4th and 8th weeks
+ Clinical Global Impression-

Severity scale (CGI-S) scores in all
time intervals

Wang et al.
(2022) 

N = 30
A = 6.9

One probiotic sachet in the morning and one in
the evening/day

8 weeks
5 × 10  CFU/day probiotic sachet with

Bifidobacterium bifidum (Bf-688)

+ ADHD inattention and
hyperactivity/impulsive symptoms

assessed using the Swanson, Nolan,
and Pelham Rating scale (SNAP-IV)

Synbiotics

Skott et al.
(2020) 

N = 182
n children =

68
n adults = 114

Median age
children = 12

(10–14)
Median age
adults = 36

(29–42)

One synbiotic sachet or placebo/day
9 weeks

Synbiotic 2000 (Synbiotics AB, Sweden), was a
lyophilized composition of 4 × 10  CFU per dose

of three lactic acid bacteria: Pediococcus
pentosaceus 5–33:3/16:1 (Strain deposit number:
LMG P20608), Lactobacillus casei ssp paracasei

F19 (LMG P-17806), Lactobacillus plantarum 2362
(LMG P-20606), and 2.5 g of each of the

fermentable fibers beta-glucan, inulin, pectin, and
resistant starch

x ADHD symptoms, daily
functioning, and comorbid autism

symptoms
+ Autism symptoms in children with

vascular inflammation
+ Emotion regulation in adults with

vascular inflammation

+ = improvements; x = no improvements.

Nevertheless, despite there being a few studies demonstrating the benefits of probiotics, particularly the Lactobacillus
rhamnosus GG strain, in cognitive function and in health-related quality of life, there is still insufficient evidence for the

recommendation of probiotic supplements as a means to treat ADHD . In addition, although more recently a couple of

studies demonstrated the benefits of multi-species probiotics in ADHD symptoms, the evidence is, similarly, still scarce for

its recommendation. Could it be that probiotics alone are not sufficiently effective by themselves? Synbiotic

supplementation could perhaps provide answers to this question. In a randomized double-blind, parallel, placebo-

controlled trial, Skott et al.  found that synbiotic supplementation with lactic acid bacteria and fermentable fibers (beta-

glucan, inulin, pectin, and resistant starch) to children and adults with ADHD for 9 weeks had no specific effect on ADHD

symptoms, daily functioning, or comorbid autism symptoms. They did find, however, that synbiotic supplementation had a

specific effect in those with vascular inflammation, with the children showing a reduction in autism symptoms and the

adults an improvement in emotion regulation. The reduction in autism symptoms was found to be driven by the absence of

ADHD medication, which the authors suggest may be due to either a milder presentation of ADHD or a possible influence

of ADHD medication on the gut microbiome. Table 4 summarizes the results of intervention trials with probiotics and

synbiotics in ADHD.

6. Specific Diets and Dietary Patterns in the Treatment of ADHD

The dietary approach to stop hypertension (DASH) is a well-known healthy eating pattern, which is characterized by high

amounts of fruits, vegetables, low-fat dairy products, vitamin C, and low amounts of simple sugars. In a 12-week

randomized controlled clinical trial in Iran , this dietary pattern appears to improve ADHD symptoms, measured by the

Abbreviated Conners Scale (ACS), the 18-item Swanson, Nolan, and Pelham scale (SNAP-IV), and the Strengths and

Difficulties Questionnaire (SDQ). Although there is only one study with DASH in ADHD, it is reasonable to think it could be

beneficial to these patients because of its known health benefits .

Food elimination diets have been one of the most studied dietetic interventions in ADHD . They may

vary in their specific content but take three main forms: (i) a single-food exclusion diet that excludes one suspected food;
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(ii) a multi-food exclusion diet, such as the six-food elimination diet, which eliminates the most common food allergens;

and (iii) a “few-foods diet”, such as the oligoantigenic diet, which restricts a person’s diet to only a few less commonly

consumed foods, such as lamb/venison, quinoa/rice, and others with low allergenic potential. All these diets eliminate and

subsequently reintroduce single foods one at a time. After the initial elimination of most food items for a limited period of

time, it is expected that children show improvements in behavior or cognitive performance, and then, food items are

consecutively reintroduced in a controlled way in order to determine which foods are related to adverse reactions or

symptoms .

The elimination diet (ED) consists of a 5-week elimination period where all known food allergens—proteins from milk, egg,

wheat, fish, soy, peanuts, and nuts—and potential food triggers (gluten and histamine-releasing or histamine-containing

products) are eliminated. In addition, sugar intake is restricted in this period. After this phase, there is a re-introduction

period that may last up to 12 months, with the objective of introducing a new food according to a standardized scheme in

a sufficient amount to be able to trigger ADHD symptoms. This consists of four phases. In phase 1, food allergens are

reintroduced one by one. If the reintroduction of a food allergen does not trigger recurrence of any symptoms, based on

the daily assessments of parents, this food allergen is added to the diet and can be eaten again. If a food allergen does

seem to trigger recurrence of ADHD symptoms, the food allergen is listed in the category ”to be avoided”. In the next

week, no new food allergen introduction takes place to allow the ADHD symptoms to decrease again to the level prior to

reintroduction. When ADHD symptoms have stabilized, another new food allergen is introduced in the week thereafter. In

the following phases, sugar (phase 2), histamine-releasing or histamine-containing products (phase 3), and additives

(phase 4) are reintroduced. The procedures during reintroduction phases are all similar to phase 1 .

There are two recent studies with an elimination diet in children with ADHD. The TRACE study  is an ongoing two-arm

RCT comparing the short- and long-term effects of an elimination diet and a healthy diet in children with ADHD, which is

occurring in the Netherlands, and may bring new insights into the long-term effects of dietary treatments for ADHD. The

INCA study  is a RCT that consisted of an open-label phase with masked measurements followed by a double-blind

crossover phase, where children aged 4–8 years who were diagnosed with ADHD were randomly assigned to 5 weeks of

a restricted elimination diet (diet group) or a healthy diet (control group). Children in the diet group who had behavioral

improvement of at least 40% on the parent ADHD Rating Scale (ARS)—the clinical responders—entered the challenge

phase; the non-responders left the trial. Based on the levels of IgG (μg/mL) in serum, each analyzed food was categorized

as a low-IgG food or a high-IgG food. The diet group responders, in the second phase (double-blind crossover challenge

phase; weeks 10 to 13), re-introduced two groups of foods consisting of either three high-IgG or three low-IgG foods, each

for 2 weeks. These foods added in the challenge phase were individually chosen and differed per child. All behavioral

measurements in the challenge phase were double-blind and the ARS and the Abbreviated Conners Scale (ACS)

assessments were done after each challenge. The total ARS score increased in clinical responders after the challenge by

20.8 (95% CI 14.3–27.3; p < 0.0001) and the ACS score increased by 11.6 (7.7–15.4; p < 0.0001). After challenges with

either high-IgG or low-IgG foods, relapse of ADHD symptoms occurred in 63% of children, independent of the IgG blood

levels. This study shows that a strictly supervised restricted elimination diet could be a valuable instrument to assess

whether ADHD behaviors are induced by food, but the prescription of diets using IgG blood tests should be discouraged.

Pelsser et al.  analyzed unpublished data from the INCA study and the Biomarker Research in ADHD: the Impact of
Nutrition [BRAIN] study and found an association between the Few-Foods Diet (FFD) and a decrease in thermoregulation

problems, gastrointestinal complaints, eczema, and sleep problems. The INCA results show a clinically relevant reduction

in the FFD group compared to the control group and the open-label BRAIN results confirmed the outcomes of the FFD

group. However, no association was detected between the decrease in physical complaints and the decrease in ADHD

symptoms. In a systematic review of meta-analyses of double-blind, placebo-controlled trials, Pelsser et al.  also found

that the effect size of an FFD in parent ratings was 0.80 (95% CI: 0.41–1.19, I2 = 61%) and 0.51 (95% CI: −0.02–1.04, I2

= 72%) in others ratings, showing that this diet could potentially offer a treatment opportunity in subgroups of children with

ADHD not responding to or too young for medication.

The oligoantigenic diet (OD) is another restrictive diet that consists in the elimination of individually allergenic food items

from the diet. Dölp et al.  found that this diet improves children’s ADHD Rating Scale (ARS) scores, measured by video-

rating. Participants with >40% improvement in the ARS between T1 (before the diet) and T2 (after the diet) were defined

as responders. Nutrients with individual relevance to ADHD symptoms were identified in a following reintroduction phase

(T3–T4) lasting 8–16 weeks. The ARS was completed by a non-blinded child and adolescent psychiatrist. Then,

reintroduction sessions were recorded on video, pseudonymized, and evaluated by three raters (two blinded raters and

one non-blinded). Complete data were captured for eight children. The three raters considered four of the eight children

as responders to the OD; however, RCTs are necessary to assess this association.
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7. Conclusions

While some studies reported that dietary supplements have beneficial effects, severe methodological limitations were

observed, such as extremely short intervention periods, as well as a lack of randomization, placebo, and prospective

monitorization of the long-term effects of the supplementation. Increasing evidence suggests that treating ADHD with diet

interventions might be particularly useful for specific subgroups of children and adolescents, but more studies about the

effects of these diet interventions in ADHD are still needed.

From the clinical point of view, restriction and elimination diets can lead to nutritional deficiencies and, consequently, poor

growth in children with ADHD, so the nutritional status of these children must be rigorously monitored , and these diets

must be used with caution. These diets can be compared to the low-FODMAP diet used in Irritable Bowel Syndrome 

, which is also a highly restrictive diet that has proven efficacy but is only used in specific cases due to its high

risk of causing nutritional deficiencies.

Elimination diets as part of ADHD treatment are not currently used in clinical practice; however, they could potentially be

useful in specific cases of children resistant to the medication or too young to start it. Nevertheless, these interventions, as

for all dietary interventions, do not work for all patients, so a precision/personalized medicine approach must be

considered , especially in ADHD due to its phenotypic heterogeneity . Future studies should attempt to identify

subgroups of individuals diagnosed with ADHD who may benefit from these diets.

In summary, altered levels of nutrients, such as vitamin D, iron, zinc, and PUFAs, have been associated with the

aggravation and progression of ADHD. Consequently, diet has emerged as a treatment option for ADHD. Nonetheless,

more robust scientific evidence is required for these dietary interventions to be implemented as part of ADHD therapy.

References

1. Nigg, J.T. Attention-deficit/hyperactivity disorder and adverse health outcomes. Clin. Psychol. Rev. 2013, 33, 215–228.

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric
Association: Arlington, VA, USA, 2013.

3. Telford, C.; Green, C.; Logan, S.; Langley, K.; Thapar, A.; Ford, T. Estimating the costs of ongoing care for adolescents
with attention-deficit hyperactivity disorder. Soc. Psychiatry Psychiatr. Epidemiol. 2013, 48, 337–344.

4. Quintero, J.; Ramos-Quiroga, J.A.; Sebastián, J.S.; Montañés, F.; Fernández-Jaén, A.; Martínez-Raga, J.; Giral, M.G.;
Graell, M.; Mardomingo, M.J.; Soutullo, C.; et al. Health care and societal costs of the management of children and
adolescents with attention-deficit/hyperactivity disorder in Spain: A descriptive analysis. BMC Psychiatry 2018, 18, 40.

5. Del-Ponte, B.; Quinte, G.C.; Cruz, S.; Grellert, M.; Santos, I.S. Dietary patterns and attention deficit/hyperactivity
disorder (ADHD): A systematic review and meta-analysis. J. Affect. Disord. 2019, 252, 160–173.

6. Shareghfarid, E.; Sangsefidi, Z.S.; 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.

7. Ríos-Hernández, A.; Alda, J.A.; Farran-Codina, A.; Ferreira-García, E.; Izquierdo-Pulido, M. The Mediterranean Diet
and ADHD in Children and Adolescents. Pediatrics 2017, 139, e20162027.

8. Howard, A.L.; Robinson, M.; Smith, G.J.; Ambrosini, G.L.; Piek, J.P.; Oddy, W.H. ADHD is associated with a “Western”
dietary pattern in adolescents. J. Atten. Disord. 2011, 15, 403–411.

9. Khoshbakht, Y.; Moghtaderi, F.; Bidaki, R.; Hosseinzadeh, M.; Salehi-Abargouei, A. The effect of dietary approaches to
stop hypertension (DASH) diet on attention-deficit hyperactivity disorder (ADHD) symptoms: A randomized controlled
clinical trial. Eur. J. Nutr. 2021, 60, 3647–3658.

10. Micha, R.; Karageorgou, D.; Bakogianni, I.; Trichia, E.; Whitsel, L.P.; Story, M.; Peñalvo, J.L.; Mozaffarian, D.
Effectiveness of school food environment policies on children’s dietary behaviors: A systematic review and meta-
analysis. PLoS ONE 2018, 13, e0194555.

11. Lange, K.W.; Nakamura, Y.; Reissmann, A. Diet and food in attention-deficit hyperactivity disorder. J. Future Foods
2022, 2, 112–118.

12. Pelsser, L.M.; 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
Behavior of Children with ADHD. PLoS ONE 2017, 12, e0169277.

[77]

[82]

[83][84][85]

[11] [1]



13. Breda, V.; Cerqueira, R.O.; Ceolin, G.; Koning, E.; Fabe, J.; McDonald, A.; Gomes, F.A.; Brietzke, E. Is there a place
for dietetic interventions in adult ADHD? Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2022, 119, 110613.

14. Polanczyk, G.; de Lima, M.S.; Horta, B.L.; Biederman, J.; Rohde, L.A. The worldwide prevalence of ADHD: A
systematic review and metaregression analysis. Am. J. Psychiatry 2007, 164, 942–948.

15. Thomas, R.; Sanders, S.; Doust, J.; Beller, E.; Glasziou, P. Prevalence of attention-deficit/hyperactivity disorder: A
systematic review and meta-analysis. Pediatrics 2015, 135, e994–e1001.

16. National Institute for Health Care Excellence. Attention Deficit Hyperactivity Disorder: Diagnosis and Management
NG87. Available online: https://www.nice.org.uk/guidance/ng87 (accessed on 5 September 2022).

17. Jerome, D.; Jerome, L. Approach to diagnosis and management of childhood attention deficit hyperactivity disorder.
Can. Fam. Phys. 2020, 66, 732–736.

18. Cohen Children’s Medical, C. The ADHD Medication Guide©. Available online: http://www.adhdmedicationguide.com
(accessed on 13 September 2022).

19. Wolraich, M.L.; Hagan, J.F., Jr.; Allan, C.; Chan, E.; Davison, D.; Earls, M.; Evans, S.W.; Flinn, S.K.; Froehlich, T.;
Frost, J.; et al. Clinical Practice Guideline for the Diagnosis, Evaluation, and Treatment of Attention-Deficit/Hyperactivity
Disorder in Children and Adolescents. Pediatrics 2019, 144, e20192528.

20. Swanson, J.M.; Elliott, G.R.; Greenhill, L.L.; Wigal, T.; Arnold, L.E.; Vitiello, B.; Hechtman, L.; Epstein, J.N.; Pelham,
W.E.; Abikoff, H.B.; et al. Effects of stimulant medication on growth rates across 3 years in the MTA follow-up. J. Am.
Acad. Child Adolesc. Psychiatry 2007, 46, 1015–1027.

21. Childress, A.C. A critical appraisal of atomoxetine in the management of ADHD. Clin. Risk Manag. 2016, 12, 27–39.

22. Davies, M.; Coughtrie, A.; Layton, D.; Shakir, S.A. Use of atomoxetine and suicidal ideation in children and
adolescents: Results of an observational cohort study within general practice in England. Eur. Psychiatry 2017, 39, 11–
16.

23. Bangs, M.E.; Wietecha, L.A.; Wang, S.; Buchanan, A.S.; Kelsey, D.K. Meta-analysis of suicide-related behavior or
ideation in child, adolescent, and adult patients treated with atomoxetine. J. Child Adolesc. Psychopharmacol. 2014,
24, 426–434.

24. Reed, V.A.; Buitelaar, J.K.; Anand, E.; Day, K.A.; Treuer, T.; Upadhyaya, H.P.; Coghill, D.R.; Kryzhanovskaya, L.A.;
Savill, N.C. The Safety of Atomoxetine for the Treatment of Children and Adolescents with Attention-
Deficit/Hyperactivity Disorder: A Comprehensive Review of Over a Decade of Research. CNS Drugs 2016, 30, 603–
628.

25. Bangs, M.E.; Jin, L.; Zhang, S.; Desaiah, D.; Allen, A.J.; Read, H.A.; Regev, A.; Wernicke, J.F. Hepatic events
associated with atomoxetine treatment for attention-deficit hyperactivity disorder. Drug Saf. 2008, 31, 345–354.

26. Spencer, T.J.; Kratochvil, C.J.; Sangal, R.B.; Saylor, K.E.; Bailey, C.E.; Dunn, D.W.; Geller, D.A.; Casat, C.D.; Lipetz,
R.S.; Jain, R.; et al. Effects of atomoxetine on growth in children with attention-deficit/hyperactivity disorder following up
to five years of treatment. J. Child Adolesc. Psychopharmacol. 2007, 17, 689–700.

27. Elbe, D.; Reddy, D. Focus on Guanfacine Extended-release: A Review of its Use in Child and Adolescent Psychiatry. J.
Can. Acad. Child Adolesc. Psychiatry 2014, 23, 48–60.

28. Croxtall, J.D. Clonidine extended-release: In attention-deficit hyperactivity disorder. Paediatr. Drugs 2011, 13, 329–336.

29. Mosholder, A.D.; Gelperin, K.; Hammad, T.A.; Phelan, K.; Johann-Liang, R. Hallucinations and other psychotic
symptoms associated with the use of attention-deficit/hyperactivity disorder drugs in children. Pediatrics 2009, 123,
611–616.

30. Catalá-López, F.; Hutton, B.; Núñez-Beltrán, A.; Page, M.J.; Ridao, M.; Macías Saint-Gerons, D.; Catalá, M.A.;
Tabarés-Seisdedos, R.; Moher, D. The pharmacological and non-pharmacological treatment of attention deficit
hyperactivity disorder in children and adolescents: A systematic review with network meta-analyses of randomised
trials. PLoS ONE 2017, 12, e0180355.

31. Nimmo-Smith, V.; Merwood, A.; Hank, D.; Brandling, J.; Greenwood, R.; Skinner, L.; Law, S.; Patel, V.; Rai, D. Non-
pharmacological interventions for adult ADHD: A systematic review. Psychol. Med. 2020, 50, 529–541.

32. Goode, A.P.; Coeytaux, R.R.; Maslow, G.R.; Davis, N.; Hill, S.; Namdari, B.; LaPointe, N.M.A.; Befus, D.; Lallinger,
K.R.; Bowen, S.E.; et al. Nonpharmacologic Treatments for Attention-Deficit/Hyperactivity Disorder: A Systematic
Review. Pediatrics 2018, 141, e20180094.

33. Gan, J.; Galer, P.; Ma, D.; Chen, C.; Xiong, T. The effect of vitamin D supplementation on attention-deficit/hyperactivity
disorder: A systematic review and meta-analysis of randomized controlled trials. J. Child Adolesc. Psychopharmacol.
2019, 29, 670–687.



34. Dehbokri, N.; Noorazar, G.; Ghaffari, A.; Mehdizadeh, G.; Sarbakhsh, P.; Ghaffary, S. Effect of vitamin D treatment in
children with attention-deficit hyperactivity disorder. World J. Pediatr. 2019, 15, 78–84.

35. Hemamy, M.; Pahlavani, N.; Amanollahi, A.; Islam, S.M.S.; McVicar, J.; Askari, G.; Malekahmadi, M. The effect of
vitamin D and magnesium supplementation on the mental health status of attention-deficit hyperactive children: A
randomized controlled trial. BMC Psychiatry 2021, 21, 178.

36. Zhou, P.; Wolraich, M.L.; Cao, A.H.; Jia, F.Y.; Liu, B.; Zhu, L.; Liu, Y.; Li, X.; Li, C.; Peng, B.; et al. Adjuvant effects of
vitamin A and vitamin D supplementation on treatment of children with attention-deficit/hyperactivity disorder: A study
protocol for a randomised, double-blinded, placebo-controlled, multicentric trial in China. BMJ Open 2021, 11,
e050541.

37. Granero, R.; Pardo-Garrido, A.; Carpio-Toro, I.L.; Ramírez-Coronel, A.A.; Martínez-Suárez, P.C.; Reivan-Ortiz, G.G.
The Role of Iron and Zinc in the Treatment of ADHD among Children and Adolescents: A Systematic Review of
Randomized Clinical Trials. Nutrients 2021, 13, 4059.

38. Ghanizadeh, A.; Berk, M. Zinc for treating of children and adolescents with attention-deficit hyperactivity disorder: A
systematic review of randomized controlled clinical trials. Eur. J. Clin. Nutr. 2013, 67, 122–124.

39. Noorazar, S.G.; Malek, A.; Aghaei, S.M.; Yasamineh, N.; Kalejahi, P. The efficacy of zinc augmentation in children with
attention deficit hyperactivity disorder under treatment with methylphenidate: A randomized controlled trial. Asian J.
Psychiatr. 2020, 48, 101868.

40. Zamora, J.; Velásquez, A.; Troncoso, L.; Barra, P.; Guajardo, K.; Castillo-Duran, C. Zinc in the therapy of the attention-
deficit/hyperactivity disorder in children. A preliminar randomized controlled trial. Arch. Lat. Nutr. 2011, 61, 242–246.

41. Arnold, L.E.; Disilvestro, R.A.; Bozzolo, D.; Bozzolo, H.; Crowl, L.; Fernandez, S.; Ramadan, Y.; Thompson, S.; Mo, X.;
Abdel-Rasoul, M.; et al. Zinc for attention-deficit/hyperactivity disorder: Placebo-controlled double-blind pilot trial alone
and combined with amphetamine. J. Child Adolesc. Psychopharmacol. 2011, 21, 1–19.

42. Akhondzadeh, S.; Mohammadi, M.R.; Khademi, M. Zinc sulfate as an adjunct to methylphenidate for the treatment of
attention deficit hyperactivity disorder in children: A double blind and randomized trial . BMC Psychiatry 2004, 4, 9.

43. Bilici, M.; Yildirim, F.; Kandil, S.; Bekaroğlu, M.; Yildirmiş, S.; Değer, O.; Ulgen, M.; Yildiran, A.; Aksu, H. Double-blind,
placebo-controlled study of zinc sulfate in the treatment of attention deficit hyperactivity disorder. Prog.
Neuropsychopharmacol. Biol. Psychiatry 2004, 28, 181–190.

44. Konofal, E.; Lecendreux, M.; Deron, J.; Marchand, M.; Cortese, S.; Zaïm, M.; Mouren, M.C.; Arnulf, I. Effects of Iron
Supplementation on Attention Deficit Hyperactivity Disorder in Children. Pediatric Neurol. 2008, 38, 20–26.

45. Panahandeh, G.; Vatani, B.; Safavi, P.; Khoshdel, A. The effect of adding ferrous sulfate to methylphenidate on
attention-deficit/hyperactivity disorder in children. J. Adv. Pharm. Technol. Res. 2017, 8, 138–142.

46. Rucklidge, J.J.; Eggleston, M.J.F.; Johnstone, J.M.; Darling, K.; Frampton, C.M. Vitamin-mineral treatment improves
aggression and emotional regulation in children with ADHD: A fully blinded, randomized, placebo-controlled trial. J.
Child Psychol. Psychiatry 2018, 59, 232–246.

47. Mohammadpour, N.; Jazayeri, S.; Tehrani-Doost, M.; Djalali, M.; Hosseini, M.; Effatpanah, M.; Davari-Ashtiani, R.;
Karami, E. Effect of vitamin D supplementation as adjunctive therapy to methylphenidate on ADHD symptoms: A
randomized, double blind, placebo-controlled trial. Nutr. Neurosci. 2018, 21, 202–209.

48. Elshorbagy, H.H.; Barseem, N.F.; Abdelghani, W.E.; Suliman, H.A.I.; Al-shokary, A.H.; Abdulsamea, S.E.; Elsadek, A.E.;
Abdel Maksoud, Y.H.; Nour El Din, D.M.A.E.-H. Impact of Vitamin D Supplementation on Attention-Deficit Hyperactivity
Disorder in Children. Ann. Pharmacother. 2018, 52, 623–631.

49. Naeini, A.A.; Fasihi, F.; Najafi, M.; Ghazvini, M.R.; Hasanzadeh, A. The effects of vitamin D supplementation on ADHD
(Attention Deficit Hyperactivity Disorder) in 6–13 year-old students: A randomized, double-blind, placebo-controlled
study. Eur. J. Integr. Med. 2019, 25, 28–33.

50. Chang, J.P.; Su, K.P.; Mondelli, V.; Pariante, C.M. 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, 534–545.

51. Händel, M.N.; Rohde, J.F.; Rimestad, M.L.; Bandak, E.; Birkefoss, K.; Tendal, B.; Lemcke, S.; Callesen, H.E. Efficacy
and Safety of Polyunsaturated Fatty Acids Supplementation in the Treatment of Attention Deficit Hyperactivity Disorder
(ADHD) in Children and Adolescents: A Systematic Review and Meta-Analysis of Clinical Trials. Nutrients 2021, 13,
1226.

52. Döpfner, M.; Dose, C.; Breuer, D.; Heintz, S.; Schiffhauer, S.; Banaschewski, T. Efficacy of Omega-3/Omega-6 Fatty
Acids in Preschool Children at Risk of ADHD: A Randomized Placebo-Controlled Trial. J. Atten. Disord. 2021, 25,
1096–1106.



53. Carucci, S.; Romaniello, R.; Demuru, G.; Curatolo, P.; Grelloni, C.; Masi, G.; Liboni, F.; Mereu, A.; Contu, P.; Lamberti,
M.; et al. Omega-3/6 supplementation for mild to moderate inattentive ADHD: A randomised, double-blind, placebo-
controlled efficacy study in Italian children. Eur. Arch. Psychiatry Clin. Neurosci. 2022, 13, 1226.

54. Cryan, J.F.; O’Riordan, K.J.; Cowan, C.S.M.; Sandhu, K.V.; Bastiaanssen, T.F.S.; Boehme, M.; Codagnone, M.G.;
Cussotto, S.; Fulling, C.; Golubeva, A.V.; et al. The Microbiota-Gut-Brain Axis. Physiol. Rev. 2019, 99, 1877–2013.

55. Checa-Ros, A.; Jeréz-Calero, A.; Molina-Carballo, A.; Campoy, C.; Muñoz-Hoyos, A. Current Evidence on the Role of
the Gut Microbiome in ADHD Pathophysiology and Therapeutic Implications. Nutrients 2021, 13, 249.

56. Gkougka, D.; Mitropoulos, K.; Tzanakaki, G.; Panagouli, E.; Psaltopoulou, T.; Thomaidis, L.; Tsolia, M.; Sergentanis,
T.N.; Tsitsika, A. Gut microbiome and attention deficit/hyperactivity disorder: A systematic review. Pediatric Res. 2022.

57. Sukmajaya, A.C.; Lusida, M.I.; Soetjipto; Setiawati, Y. Systematic review of gut microbiota and attention-deficit
hyperactivity disorder (ADHD). Ann. Gen. Psychiatry 2021, 20, 12.

58. Kalenik, A.; Kardaś, K.; Rahnama, A.; Sirojć, K.; Wolańczyk, T. Gut microbiota and probiotic therapy in ADHD: A review
of current knowledge. Prog. Neuropsychopharmacol. Biol. Psychiatry 2021, 110, 110277.

59. Koponen, K.K.; Salosensaari, A.; Ruuskanen, M.O.; Havulinna, A.S.; Männistö, S.; Jousilahti, P.; Palmu, J.; Salido, R.;
Sanders, K.; Brennan, C.; et al. Associations of healthy food choices with gut microbiota profiles. Am. J. Clin. Nutr.
2021, 114, 605–616.

60. Gupta, V.K.; Paul, S.; Dutta, C. Geography, Ethnicity or Subsistence-Specific Variations in Human Microbiome
Composition and Diversity. Front. Microbiol. 2017, 8, 1162.

61. Barbosa, R.S.D.; Vieira-Coelho, M.A. Probiotics and prebiotics: Focus on psychiatric disorders—a systematic review.
Nutr. Rev. 2020, 78, 437–450.

62. Gibson, G.R.; Hutkins, R.; Sanders, M.E.; Prescott, S.L.; Reimer, R.A.; Salminen, S.J.; Scott, K.; Stanton, C.; Swanson,
K.S.; Cani, P.D.; et al. Expert consensus document: The International Scientific Association for Probiotics and
Prebiotics (ISAPP) consensus statement on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol.
2017, 14, 491–502.

63. Gibson, G.R.; Roberfroid, M.B. Dietary modulation of the human colonic microbiota: Introducing the concept of
prebiotics. J. Nutr. 1995, 125, 1401–1412.

64. Pärtty, A.; Kalliomäki, M.; Wacklin, P.; Salminen, S.; Isolauri, E. A possible link between early probiotic intervention and
the risk of neuropsychiatric disorders later in childhood: A randomized trial. Pediatr. Res. 2015, 77, 823–828.

65. Kumperscak, H.G.; Gricar, A.; Ülen, I.; Micetic-Turk, D. A Pilot Randomized Control Trial With the Probiotic Strain
Lactobacillus rhamnosus GG (LGG) in ADHD: Children and Adolescents Report Better Health-Related Quality of Life.
Front. Psychiatry 2020, 11, 181.

66. Sepehrmanesh, Z.; Shahzeidi, A.; Mansournia, M.A.; Ghaderi, A.; Ahmadvand, A. Clinical and Metabolic Reaction to
Probiotic Supplement in Children Suffering Attention-Deficit Hyperactivity Disorder: A Randomized, Double-Blind,
Placebo-Controlled Experiment. Int. Arch. Health Sci. 2021, 8, 90–96.

67. Ghanaatgar, M.; Taherzadeh, S.; Ariyanfar, S.; Razeghi Jahromi, S.; Martami, F.; Mahmoudi Gharaei, J.; Teimourpour,
A.; Shahrivar, Z. Probiotic supplement as an adjunctive therapy with Ritalin for treatment of attention-deficit
hyperactivity disorder symptoms in children: A double-blind placebo-controlled randomized clinical trial. Nutr. Food Sci.
2022; ahead-of-print.

68. Wang, L.-J.; Yang, C.-Y.; Kuo, H.-C.; Chou, W.-J.; Tsai, C.-S.; Lee, S.-Y. Effect of Bifidobacterium bifidum on Clinical
Characteristics and Gut Microbiota in Attention-Deficit/Hyperactivity Disorder. J. Pers. Med. 2022, 12, 227.

69. Skott, E.; Yang, L.L.; Stiernborg, M.; Söderström, Å.; Rȕegg, J.; Schalling, M.; Forsell, Y.; Giacobini, M.; Lavebratt, C.
Effects of a synbiotic on symptoms, and daily functioning in attention deficit hyperactivity disorder—A double-blind
randomized controlled trial. Brain Behav. Immun. 2020, 89, 9–19.

70. Filippou, C.D.; Tsioufis, C.P.; Thomopoulos, C.G.; Mihas, C.C.; Dimitriadis, K.S.; Sotiropoulou, L.I.; Chrysochoou, C.A.;
Nihoyannopoulos, P.I.; Tousoulis, D.M. Dietary Approaches to Stop Hypertension (DASH) Diet and Blood Pressure
Reduction in Adults with and without Hypertension: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. Adv. Nutr. 2020, 11, 1150–1160.

71. Guo, R.; Li, N.; Yang, R.; Liao, X.Y.; Zhang, Y.; Zhu, B.F.; Zhao, Q.; Chen, L.; Zhang, Y.G.; Lei, Y. Effects of the Modified
DASH Diet on Adults With Elevated Blood Pressure or Hypertension: A Systematic Review and Meta-Analysis. Front.
Nutr. 2021, 8, 725020.

72. Lari, A.; Sohouli, M.H.; Fatahi, S.; Cerqueira, H.S.; Santos, H.O.; Pourrajab, B.; Rezaei, M.; Saneie, S.; Rahideh, S.T.
The effects of the Dietary Approaches to Stop Hypertension (DASH) diet on metabolic risk factors in patients with



chronic disease: A systematic review and meta-analysis of randomized controlled trials. Nutr. Metab. Cardiovasc. Dis.
2021, 31, 2766–2778.

73. Siervo, M.; Lara, J.; Chowdhury, S.; Ashor, A.; Oggioni, C.; Mathers, J.C. Effects of the Dietary Approach to Stop
Hypertension (DASH) diet on cardiovascular risk factors: A systematic review and meta-analysis. Br. J. Nutr. 2015, 113,
1–15.

74. Soltani, S.; Arablou, T.; Jayedi, A.; Salehi-Abargouei, A. Adherence to the dietary approaches to stop hypertension
(DASH) diet in relation to all-cause and cause-specific mortality: A systematic review and dose-response meta-analysis
of prospective cohort studies. Nutr. J. 2020, 19, 37.

75. Soltani, S.; Shirani, F.; Chitsazi, M.J.; Salehi-Abargouei, A. The effect of dietary approaches to stop hypertension
(DASH) diet on weight and body composition in adults: A systematic review and meta-analysis of randomized
controlled clinical trials. Obes. Rev. 2016, 17, 442–454.

76. Van den Brink, A.C.; Brouwer-Brolsma, E.M.; Berendsen, A.A.M.; van de Rest, O. The Mediterranean, Dietary
Approaches to Stop Hypertension (DASH), and Mediterranean-DASH Intervention for Neurodegenerative Delay
(MIND) Diets Are Associated with Less Cognitive Decline and a Lower Risk of Alzheimer’s Disease-A Review. Adv.
Nutr. 2019, 10, 1040–1065.

77. Nigg, J.T.; Holton, K. Restriction and elimination diets in ADHD treatment. Child. Adolesc. Psychiatr. Clin. N. Am. 2014,
23, 937–953.

78. Bosch, A.; Bierens, M.; de Wit, A.G.; Ly, V.; van der Velde, J.; de Boer, H.; van Beek, G.; Appelman, D.; Visser, S.; Bos,
L.; et al. A two arm randomized controlled trial comparing the short and long term effects of an elimination diet and a
healthy diet in children with ADHD (TRACE study). Rationale, study design and methods. BMC Psychiatry 2020, 20,
262.

79. Dölp, A.; Schneider-Momm, K.; Heiser, P.; Clement, C.; Rauh, R.; Clement, H.W.; Schulz, E.; Fleischhaker, C.
Oligoantigenic Diet Improves Children’s ADHD Rating Scale Scores Reliably in Added Video-Rating. Front. Psychiatry
2020, 11, 730.

80. Pelsser, L.; Stobernack, T.; Frankena, K. Physical Complaints Decrease after Following a Few-Foods Diet in Children
with ADHD. Nutrients 2022, 14, 3036.

81. Pelsser, L.M.; Frankena, K.; Toorman, J.; Savelkoul, H.F.; Dubois, A.E.; Pereira, R.R.; Haagen, T.A.; Rommelse, N.N.;
Buitelaar, J.K. Effects of a restricted elimination diet on the behaviour of children with attention-deficit hyperactivity
disorder (INCA study): A randomised controlled trial. Lancet 2011, 377, 494–503.

82. Altobelli, E.; Del Negro, V.; Angeletti, P.M.; Latella, G. Low-FODMAP Diet Improves Irritable Bowel Syndrome
Symptoms: A Meta-Analysis. Nutrients 2017, 9, 940.

83. Lacy, B.E.; Pimentel, M.; Brenner, D.M.; Chey, W.D.; Keefer, L.A.; Long, M.D.; Moshiree, B. ACG Clinical Guideline:
Management of Irritable Bowel Syndrome. Am. J. Gastroenterol. 2021, 116, 17–44.

84. Van Lanen, A.S.; de Bree, A.; Greyling, A. Efficacy of a low-FODMAP diet in adult irritable bowel syndrome: A
systematic review and meta-analysis. Eur. J. Nutr. 2021, 60, 3505–3522.

85. Whelan, K.; Martin, L.D.; Staudacher, H.M.; Lomer, M.C.E. The low FODMAP diet in the management of irritable bowel
syndrome: An evidence-based review of FODMAP restriction, reintroduction and personalisation in clinical practice. J.
Hum. Nutr. Diet. 2018, 31, 239–255.

Retrieved from https://encyclopedia.pub/entry/history/show/84172


