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ABSTRACT

Autism spectrum disorders (ASDs) are an early-onset neurodevelopmental disorders. The key symptoms of ASD include
social deficits, verbal and non-verbal communication deficits, and restricted, repetitive patterns of behaviour, interests,
or activities. Dietary patterns have been evidenced to be related to maternal nutritional status that might lead to different
metabolic conditions, and maternal metabolic dysfunction has been observed to be associated with ASD. Furthermore
growing evidence suggests that the gut microbiota has a role in the pathophysiology of ASD. Differences in composition
of the gastrointestinal (GI) microbiota in children with ASD compared to unaffected siblings and/or healthy unrelated
controls have been reported in various studies. The above-mentioned ASD factors and symptoms can be regulated by
proper nutrition. The importance of nutrition and its possible impact on ASD patients is key to integral therapy. According
to numerous research studies, various nutritional approaches succeeded in reducing the severity of patients' core ASD
symptoms. The numerous options for diet that is used in the ASD therapy, as described in the scientific literature, are
related to the problem of choosing an appropriate nutritional treatment. Each nutrition programme needs to be personalised
and tailored to an individual patient. The aim of the paper is to review the available literature on dietary interventions in
children with ASD and provide up-to-date evidence.
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STRESZCZENIE

Zaburzenia ze spektrum autyzmu (ASD) sg zaburzeniami neurorozwojowymi o wezesnym poczatku. Kluczowe objawy
ASD obejmujg deficyty spoteczne, deficyty komunikacji werbalnej i niewerbalnej oraz ograniczone, powtarzalne wzorce
zachowan, zainteresowan lub czynno$ci. Udowodniono, ze wzorce zywieniowe sa powiazane ze stanem odzywienia
matki, co moze prowadzi¢ do réznych stanéw metabolicznych, a zaburzenia metaboliczne u matki sa powiazane z ASD.
Coraz wigcej dowodow sugeruje, ze mikroflora jelitowa odgrywa role w patofizjologii ASD. W réznych badaniach do-
noszono o roznicach w sktadzie mikroflory przewodu pokarmowego (GI) u dzieci z ASD w poréwnaniu ze zdrowym
rodzenstwem i/lub zdrowymi, niespokrewnionymi grupami kontrolnymi. Czynniki i objawy ASD mozna regulowac
poprzez odpowiednie odzywianie. Znaczenie zywienia i jego mozliwy wptyw na pacjentéw z ASD jest kluczem do inte-
gralnej terapii. Zgodnie z licznymi badaniami naukowymi, rézne podej$cia zywieniowe odniosty sukces w zmniejszaniu
nasilenia podstawowych objawdéw ASD u pacjentéw. Strategie postgpowania dietetycznego stosowane w terapii ASD,
opisane w literaturze naukowej, wigza si¢ z problemem wyboru odpowiedniego leczenia zywieniowego. Kazdy program
zywieniowy musi by¢ spersonalizowany i dostosowany do indywidualnego pacjenta.

Celem pracy jest przeglad dostepnej literatury na temat interwencji dietetycznych u dzieci z ASD i dostarczenie aktual-
nych danych naukowych.

Stowa kluczowe: autyzm, mikrobiota jelitowa, modele dietetyczne, dieta, edukacja Zywieniowa

Corresponding author: Anna Mandecka, Wroclaw University of Environmental and Life Sciences, Faculty of Biotechnology
and Food Sciences, Department of Functional Food Products Development, Chetmonskiego Str. 37, 51-630 Wroclaw, Poland.
Tel.: +48 667421235; e-mail: anna.mandecka@upwr.edu.pl

© Copyright by the National Institute of Public Health NIH - National Research Institute


https://orcid.org/0000-0003-4717-3104

248

The importance of nutritional management and education in the treatment of autism

No 3

INTRODUCTION

Autism spectrum disorders (ASDs) are a set of
severe developmental disorders manifesting up to 30th
month of life and they are associated with congenital
anomalies of the nervous system. This disorder is
highly variable and multiform. Difficulties in verbal
and nonverbal communication and in understanding
social phenomena are a common feature of ASDs [1].

In the last decade, the number of patients diagnosed
with ASD doubled, rising from 6.7 to 14.7 per 1,000
children aged 8 years. It is currently estimated
that approximately 1% of the world population has
ASD, with a male-to-female ratio of 2.5:1 [2]. Other
authors indicate that one in 88 children may exhibit
developmental disorders that are characteristic of ASD,
and rates describing the prevalence of the condition
may be much higher, especially among males. The
prevalence rate of autism among men and women can
be as high as approx. 5:1 [3].

Given the epidemiologic data indicating a higher
incidence of ASDs, specialists treating ASD patients
attempt to understand the aetiology of the disease
and they consider various factors that may affect its
pathogenesis. A particular attention is drawn to the role
of epigenetic, neurobiological, genetic, neurological
and hormonal factors underlying this complex
condition. It is emphasised that interactions between
genetic and environmental factors contribute to ASDs,

Nutrition vs ASD

- often overlooked in ASD therapy
- comprehensive and integrated therapy

A 4

Nutritional status assessment

- energy and nutritional deficiencies

- gastrointestinal disorders (abdominal
pain, diarrhea, constipation,
gastric reflux)

- food allergies and intolerances

where genetic factors are only 10-20% of ASD cases [,
2, 3]. According to recent epidemiological data, up to
40-50% of ASD-related symptoms may be caused by
environmental factors [4].

Due to such a significant role of environmental
factors in the development of ASDs, more and more
specialists treating ASD patients are paying attention
to the role of diet and nutrition in the treatment of
ASDs, searching for the optimal model of nutritional
treatment [1].

Specific selected dietary nutrients (sulphur-
containing amino acids such as cysteine and
methionine, folicacid, vitamins B, and B) are of critical
importance for the nutrition of ASD patients, already at
the cellular level [5]. Deficiencies in antioxidants and
methylation metabolites in the ASD population, which
provide key epigenetic regulation of gene expression,
were documented during neurodevelopment [6].
Concentrations of glutathione and S-adenosyl
methionine, which are major intracellular antioxidants
and methyl donors for many metabolic reactions in the
body, are significantly lower in ASD patients and this
is related to oxidative stress [7].

Therefore, nutrition  interventions  receive
extraordinary attention as a complementary and
unavoidable component of autism therapy, however,
they are frequently omitted and treated without due
consideration. Figure 1 shows an optimal procedure
model in which important components of a health
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Integration nutrition ASD care, and the possible model of treatment [5, §]
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assessment cannot be omitted when implementing
a diet therapy in ASD patients [5, 8].

The prenatal nutritional and
prevalence of ASDs

A women’s nutrition during pregnancy is crucial
for fetal brain development. A pre-pregnancy diet
is key to optimise the nutritional status, which plays
a significant role in maintaining a healthy pregnancy
and supporting a developing fetus. Nutrition at the time
of conception is key to gamete function and placental
development [9].

Approximately 2-3 weeks after fertilisation, the
embryo undergoes organised processes of neuronal
proliferation and migration, synapse formation,
myelination and apoptosis for fetal brain development.
During this period of rapid development, the brain
exhibits increased sensitivity to the environment; its
dysfunctions may predispose the fetus to postnatal
neurodevelopmental disorders [10)] Provision of
nutrients during the pre-conceptional and prenatal
periods not only provides essential building blocks
for the brain, but they may also “program” the brain
through epigenetic mechanisms to confer a risk or
resistance to neurological states later in life [9, 10]. The
modifiable nature of nutrition during sensitive periods
potentially provides opportunities for intervention.
The quality of prenatal nutrition was identified as
a potential risk factor for the development of ASDs.

According to the gut-brain axis (GBA) theory, early-
life nutritional programming — covering pregnancy
— may affect cognitive functions and predispose to
the development of ASDs in genetically susceptible
individuals [6]. Several studies attempted to clarify
the role of nutrition in the development of ASDs.
It was reported that maternal obesity might lead to
fetal encephalitis [7]. The studies also stress the role
of nutritional composition and dietary balance of
mainly polyunsaturated fatty acids (PUFAs), whose
deficiencies during pregnancy are associated with
reduced learning and memory abilities and reduced
cognitive functions in the offspring if PUFA dietary
content has not been adjusted at an early stage of the
fetal development [5].

PUFAs are structural components of cells, especially
arachidonic acid (A A) of the omega-6 (n-6) family and
docosahexaenoic acid (DHA) of the omega-3 (n-3)
family. PUFAs rapidly accumulate in the brain from
the third trimester of pregnancy until early postnatal
life, and their composition in individual membranes
depends mainly on the supply of DHA in the maternal
diet [9, 11]. According to the Nurses’ Health Study II
(NHSII) [12], the total dietary n-6 PUFA content and
supplementation among women prior to pregnancy
was significantly and inversely associated with the risk
of ASD diagnosis. Both n-3 and n-6 PUFAs are fatty

programming

acids that are essential for prenatal brain development,
however, the elevated ratio of n-6 PUFAs to n-3 PUFAs,
which is characteristic of the modern Western diet,
may increase inflammatory processes [13]. The main
dietary sources of n-3 PUFAs, especially DHA, are
oily sea fish (salmon, halibut, herring, mackerel, tuna).
According to the researchers there is a significant
effect of adequate fish consumption by a mother on
the development of ASD in her offspring. The Spanish
INMA study [14] found that higher consumption of
fish and seafood during the first trimester of pregnancy
was associated with lower autistic traits, as measured
by the Childhood Asperger Syndrome Test.

Fish and seafood are recommended dietary
components; they provide complete proteins, vitamins,
mineral salts and valuable omega-3 fatty acids, however,
they can also be a source of dietary methylmercury.
According to the authors of some studies there may
be a risk of excessive mercury accumulation in ASD
patients as one of the causes of ASD development [15].
Methylmercury easily crosses the blood-brain and
blood-placental barriers. It also passes into breast milk,
contributing to the exposure of the infant, whose body
may accumulate mercury in blood cells and brain. This
causes damage to the central nervous system (CNS)
[16].

In many European Union countries, especially
those with high consumption of fish and seafood,
dietary recommendations have been implemented to
limit the consumption of certain species of fish, mainly
by women planning their pregnancy, pregnant women,
breastfeeding mothers and children. These countries
include France, Denmark, Finland, Spain, Ireland, Italy
and the United Kingdom. In Poland, the consumption
of fish, especially seafood, is relatively low compared
to other EU countries. The European Commission
has developed a special note concerning this issue,
which is addressed to the most vulnerable groups of
consumers, to limit the consumption of predatory
fish such as a swordfish, shark, marlin and pike by
pregnant women, women planning their pregnancy,
breastfeeding mothers and children to one serving
(approx. 100 g) per week. It is also recommended to
limit tuna consumption to no more than two servings
per week [17].

The U.S. Environmental Protection Agency (EPA)
and the U.S. Food and Drug Administration (FDA)
have recommended to limit the fish consumption by
pregnant women, breastfeeding mothers and women
planning their pregnancy to a serving size of 340 g per
week, including no more than 170 g of tuna per week,
and to completely avoid the consumption of predatory
fish, i.e. a shark, swordfish, king mackerel and tilefish
[17].

Although there are recommended restrictions on
the consumption of selected fish species, specialists
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believe that benefits for the offspring that are associated
with the consumption of fish rich in omega-3 acids by
women of childbearing age are more important than
risks associated with their lack in the diet [15, 17].
According to Vecchione et al. study [15] there was
no significant association between consumption of
fish in the prenatal period and traits related to ASDs
in children. Vecchione et al. noted, however, that
traits associated with ASD, as measured by the Social
Responsiveness Scale (SRS), were more frequently
observed in children whose mothers had higher
consumption of fish in the second half of pregnancy.

Moreover, a pregnant woman should pay special
attention to the dietary content of folic acid and
vitamin D; in case of their deficiency it should be
consider to supplementation in appropriate doses. Folic
acid is an essential cofactor of one-carbon metabolism
that is involved in DNA and RNA synthesis and
DNA methylation — processes that are particularly
significant during periods of rapid growth and
development. Insufficient folic acid intake is associated
with altered DNA methylation and impaired fetal
brain development. Supplementation with folic acid,
a synthetic form of folate, before pregnancy and in
early pregnancy was found to be effective in preventing
neural tube defects [9, 18]. According to several studies,
taking folic acid and a set of vitamins during first few
months of pregnancy was associated with a lower risk
of ASD. Schmidt et al. [19] observed that folic acid
supplementation of > 600 mcg/d during first months of
pregnancy was associated with a reduced risk of ASD
(RR=0.38; 95% CI: 0.16; 0.90). Similar findings were
obtained by other authors [20, 21].

Vitamin D deficiency is widespread worldwide,
including pregnant women who are a particularly
vulnerable group. It is speculated that vitamin D
deficiency in a woman’s body during pregnancy may
be involved in the development of autism. Furthermore,
there is a hypothesis that vitamin D supplementation
during pregnancy and early childhood will reduce the
incidence of autism recurrence in new-born’s [22].

The role of the gut microbiota in ASD

Diet is one of the most influential environmental
factors in determining the composition of the
gastrointestinal (GI) microbiota. Intestinal dysbiosis,
manifested by the appearance of intestinal disorders
(intestinal gases, bloating, diarrhoea, reflux symptoms),
and the influence of certain bacterial taxa on ASD
symptoms are very common in ASD patients. In
recent years, the GI microbiota has been identified as
a potential pathway affecting symptom manifestation
in cognitive and neurodevelopmental disorders such as
anxiety, depression and ASD. Abnormalities in the GI
microbiota of ASD children and associations between
specific types of microorganisms and some ASD

symptoms were observed [23, 24]. The gut microbiota
of ASD patients differs in terms of composition and
diversity from that of healthy developing individuals.
The most diverse gut microbiome was in patients
with co-occurring GI disorders, compared to the ASD
group without such co-occurring disorders and healthy
controls [25, 26].

The studies focusing on the evaluation of intestinal
states in ASD children reported various degrees
of chronic inflammatory bowel disease (IBD) with
purulent secretion as well as fecal mass impaction.
Moreover, there were enlarged lymph nodes that
substantially occluded the intestinal lumen. The
clinical image resembled inflammation in the course of
Crohn’s disease or it was atypical. The aforementioned
inflammation was described as inflammation
associated with ASD. Abnormalities in the intestinal
microflora — dysbiosis — were identified as the cause of
the development of that inflammation [27, 28].

Frequent intestinal dysfunctions and co-morbidities
with microbial dysbiosis cause GI complaints that
occur in up to 90% of ASD cases and thus they may
play a key role in the pathogenesis of this disorder
[5]. Moreover, children with ASD and GI symptoms
also have immune imbalances in the gut, which may
be related to an abnormal host response to microbial
dysbiosis and impaired intestinal barrier integrity
[29]. ASD children have a high prevalence rate of
atopic diseases, including food allergy. Therefore,
interventions to treat gut dysbiosis may not only help
to reduce the incidence and severity of GI symptoms
in ASD children, but they may also help to balance the
immune system function and potentially improve some
behavioural symptoms [30].

According to Berding et al. study [23], stool
samples, food diaries from 3 days and the “Youth and
Adolescent Food Frequency Questionnaire” (YAQ)
were taken from ASD children. The microbiota
composition of the patients was examined in relation
to eating behaviours, nutrient and food group intake,
as well as dietary patterns (DPs) obtained from YAQ.
In ASD children, two different DPs were associated
with unique microbial profiles. DP1, with a higher
intake of vegetables, legumes, nuts and seeds, fruit,
refined carbohydrates and starchy vegetables but
a lower intake of sweets, was associated with lower
abundance of Enterobacteriaceae, Lactococcus,
Roseburia, Leuconostoc and Ruminococcus. DP2,
with a low intake of vegetables, legumes, nuts, seeds
and starchy vegetables, was associated with higher
levels of Barnesiellaceae, Alistipes and lower levels
of Streptophyta, as well as higher concentrations
of propionate, isobutyrate, valerate and isovalerate.
Higher concentrations of isobutyrate and isovalerate
may suggest microbial metabolic changes and
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increased energy food extraction from the microbiota
in ASD children

In contrast, the presence of Peptostreptococcaceae
and Faecalibacterium affected the development of
social skills deficits in ASD children. Diet-related
microbial profiles were associated with GI symptoms,
however, there was no significant interaction between
nutrition and microbiota in the assessment of outcomes
concerning the social skills deficit. In summary, DPs
associated with fecal microbiota composition and
volatile chain fatty acids (VFA) concentrations were
identified in ASD children [23, 31].

Creating conditions for the development of habitual,
long-term (>6 months) and favorable DPs significantly
improves the microbiological profile of the gut and its
microbiological stability in children aged 4-8 years
[23]. Adverse diet-induced changes in microbiota
composition can lead to an increased risk of developing
certain diseases (e.g. IBD), while a healthier long-term
feeding scheme may be more beneficial for promoting
a microbial profile that could potentially protect
against diseases [32]. A lower ratio of Bacteroidetes
to Firmicutes and higher abundance of Clostridium
and Desulfovibrio, in particular, are associated with
increased ASD symptoms in children [26]. There is
currently growing evidence of the relationship between
particular bacteria and ASD symptoms [23, 27].

The therapeutic effect of fecal microbiota transplant
(FMT)

The gut microbiome is a significant environmental
factor that may influence ASD symptoms, and several
studies found that ASD children had distinctive gut
microbiomes compared to neurotypical children [33,
34].

Modification of the gut microbiome is a potential
route to improve gastrointestinal and behavioural
symptoms in ASD children, and microbiota
transfer therapy (MTT) may convert a dysbiotic gut
microbiome into a healthy one by providing a large
number of commensal microorganisms from a healthy
donor. Given the connection between the gut and brain
(gut-brain axis), modulating the gut microbiome using
antibiotics, probiotics, prebiotics and/or FMT may be
a viable therapeutic option [35].

A large diversity and number of commensal
microorganisms from a healthy donor are used in
FMT for converting the dysbiotic gut microbiome
into a healthy microbiome. In fact, FMT is the most
effective therapy for treating recurrent infections such
as Clostridium difficile [36].

Kang et al. [30] conducted a pioneering trial of
FMT. The MTT plan for ASD children with chronic
GI problems consisted of a fortnight’s treatment
with vancomycin followed by intestinal cleansing,
then a high-dose FMT for 1-2 days and 7-8 weeks

of daily maintenance doses along with a gastric acid
suppressant. After a 10-week MTT and an 8-week
follow-up period (18 weeks in total), the researchers
observed an 80% reduction in GI symptoms and a slow
but steady improvement in baseline ASD symptoms.
At the same time, the microbial diversity of the
gut, including the number of potentially beneficial
microbes, increased significantly after MTT.

Two years after the original clinical trial, the authors
of the same study re-evaluated the participants’ health
status to determine whether there was continuation of
observed improvements in behaviour and GI symptoms
and to determine the long-term effects of MTT on the
gut microbiome. The obtained results are promising
because after 2 years of repeated follow-ups it was found
that the improvements persisted and the composition of
the beneficial gut microbiota maintained and remained
altered. There was a significant reduction in GI
symptoms in the patients under study, and the median
of relative abundance of Bifidobacteria and Prevotella
compared to baseline values increased 4-fold and 712-
fold, respectively, at 10th week of the study and 5-fold
and 84-fold, respectively, after two years of the study
[35].

A particular attention should be drawn to an
increase in abundance of Prevotella after MTT as
its lower abundance in the faeces of ASD children,
compared to neurotypical children, was confirmed in
other studies. The authors of another study also showed
reduced amounts of Prevotella in the oral microbiome
of ASD children [37, 38].

Although human studies concerning the impact
of the microbiome on the development of ASD are
extensive, cause-and-effect relationships have not been
clearly defined and it has not been determined whether
changes in the gut microbiome are a consequence of
ASD or they contribute to ASD symptoms. Sharon et
al. [39] investigated whether altered human microflora
might promote ASD-like behaviours in mice. Faecal
samples from human donors were selected based
on the Autism Diagnostic Observation Schedule
(ADOS) and the GI severity index (GSI) and they
were transplanted into mice. The researchers found
that animals that received microbiota transplants
from ASD patients developed repetitive behaviours
and less interest in social behaviours. According
to the transplanted material (ASD vs. healthy), the
animals had microbiome of different composition and
diversity. It was concluded that the gut microbiota
regulates behaviour of mice by producing neuroactive
metabolites, suggesting that gut-brain connections
contribute to the pathophysiology of ASD. Factors such
as altered host genetics and perinatal events, combined
with altered microbiota, may together influence the
aetiology of ASD by combining risks that increase the
severity of symptoms.
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Dietary models in ASD

The importance of nutrition and its possible impact
on ASD patients is key to integral therapy. According
to numerous research studies, various nutritional
approaches succeeded in reducing the severity of
patients’ core ASD symptoms [5, 40, 41]. However,
the information to date concerning the relationship
between different dietary models and ASD symptoms
is frequently complex, while at the same time it does
not provide any specific information regarding how
to initiate the nutritional therapy. Specialists attempt
to explain the relationship between ASD and nutrition
through various mechanisms, but the ideal diet still does
not exist. However, there is lack of a practical feeding
algorithm for ASD children and the presentation of
some dietary models that could be implemented in
therapy, immediately after an ASD diagnosis.

One of the early dietary intervention in the first
stage of implementing nutritional changes may be the
introduction of the principles of the Mediterranean diet
(MD) in the daily diet of ASD patient. Although there
are no significant studies on the relationship between
ASD and the MD but it has been reported to be beneficial
against the cardiovascular system, metabolism and
mental diseases. MD includes fruits and vegetables,
legumes, nuts, cereals, olive oil and fish. Moreover,
low intake of saturated fat, red meat and sugar is also
involved in MD [42]. In the study conducted by House
etal. [43], the behaviour of the offspring of 325 pregnant
women was examined concerning the mother’s degree
of the rate of Adherence to the Mediterranean Diet
(AMD). The offspring of mothers with high AMD
were found to be less likely to have depression than
the offspring of other mothers. It was observed that the
offspring of mothers with the lowest degree of AMD
had more ASD behaviours than the offspring of other
mothers with higher levels of adherence. Furthermore,
the mother’s high AMD has been associated with
decreased methylation of the IGF2 and SGCE/PEG10
locus and increased methylation of MEG3 locus, which
result in reduced adverse behaviour, and increased
social relations criteria, respectively.

The numerous options for diet that is used in the
ASD therapy, as described in the scientific literature,
are related to the problem of choosing an appropriate
nutritional treatment. Each nutrition programme needs
to be personalised and tailored to an individual patient.
Specialists mostly focus on several dietary models,
i.e.. gluten-free, casein- free and sugar -free diets
(GFCFSF), ketogenic diet (KD),special carbohydrate
diet (SCD), FOODMAP diet. When choosing a specific
dietary model, the following factors should be included:
nutritional status of the patient, type of GI complaints,
recommended supplementation, food selectivity, type
of food allergies and intolerances, severity of the
disease.

GFCEFSF diet is the most commonly selected diet
that support the ASD therapy. It is normocaloric
diet, individually balanced in terms of the content
of macronutrients, vitamins and minerals. From the
diet should be excluded: products containing gluten,
casein, sugar and highly processed products with
added sugar. Hypothetical mechanisms of action of the
GFCEF diet in ASD are: excess opioid activity, increased
autoimmunity, oxidative stress and inflammation,
reactivity of antibodies to gluten products and gut
microbiota perturbations [44]. GFCFSF diets are used
largely due to opioid peptides released by the digestion
of both gluten and casein. High concentrations of
opioid peptides lower the methylation index, leading
to altered patterns of DNA methylation and gene
expression. Opioid peptides, derived from gluten
and casein, reduce cysteine uptake by cells; because
cysteine reduces the rate of glutathione synthesis
(GSH), their activity results in reduced GSH levels.
Moreover, lower levels of GSH in the GI tract may
promote inflammation and contribute to symptoms
of GI discomfort and dysfunction [5]. Although there
is a belief that the GFCF diet is completely harmless,
there is no clear conclusion that it has no risk at all,
especially the nutrient deficiencies that may arise are
of great concern. Inadequate consumption of dairy
products and GFCF diets have been found to be
associated with high levels of homocysteine [45, 46].
The meta-analysis, conducted by Quan et al. [47],
showed that a GFCF diet can reduce stereotypical
behaviors and improve the cognition of children
with ASD. Though most of the included studies were
single-blind, the benefits of a GFCF diet that have been
indicated are promising.

The excessive supply of sugar-containing
carbohydrate products increases intestinal
inflammation and contributes to the development
of adverse intestinal microflora and growth of
pathological fungi. Tarnowska et al. study [48] aims to
identify factors influencing the purchasing decisions
of families with ASD children on gluten-free and/or
casein-free and/or sugar-free diets and the difficulties
associated with such diets. The study included a group
of 40 families with ASD children (32 boys and 8 girls)
aged between 3—10 years. It was found that the factors
that had the greatest influence on parents’ decisions
concerning the purchase the products included the
composition of products, the presence of a certificate
confirming the absence of gluten and/or milk, and taste
qualities. Furthermore, following the elimination diet
was a significant obstacle when traveling or socialising,
causing conflicts with family and community. In
addition, the limited range of healthy gluten-free,
casein-free, and sugar-free foods, poor quality of taste
and unsatisfactory quality of food made it difficult to
purchase and prepare varied meals.
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The ketogenic diet (KD) is another type of diet that
was proposed as a nutrition intervention to alleviate
symptoms in ASD patients. This is a high-fat, protein-
sufficient and low-carbohydrate diet, resulting in
the body using fatty acid metabolites as a primary
source of energy [5]. Specialists should remember to
individually balanced that diet in terms of the content
of macronutrients, vitamins and minerals and also
constantly monitoring the concentration of ketones in
the patient’s body. The classic model of the ketogenic
diet assumes that for 4 grams of fat there is 1 gram of
protein and carbohydrates in total (distribution of the
daily supply of macronutrients: fats - 90%; protein -
8%; carbohydrates - 2%). The modified Atkins diet is
less restrictive than the classic ketogenic diet model,
and the proportions of macronutrients are arranged
as follows: fats - 60%; protein - 10%; carbohydrates
- 30%. The MCT (medium chain triglycerides) diet is
a variant of the ketogenic diet based on medium-chain
MCT fatty acids, and the distribution of macronutrients
is as follows: fats - 73% (including 30-60% MCT fatty
acids); protein - 10%; carbohydrates - 17% [49, 50, 51].

The researchers of animal model studies proved that
KD might be an effective intervention in alleviating
ASD symptoms [52, 53]. Furthermore, larger cohort
studies found that the use of KD results in noticeable
improvements in: learning, social behaviour, speech,
cooperation and reduction of hyperactivity in ASD
patients [5, 40, 54].

Lee et al. [40] investigated the effect of a 3-month
ketogenic, gluten-free diet (GF) combined with MCTs
in ASD children aged between 2—17 years. The main
dietary restrictions were based on: - limiting the supply
of carbohydrates to 20-25 g/day, - protein requirements
were determined individually, taking into account
age and body weight (RDA standard), - contents of
MCT was set up to 20% of energy from the daily
food ration (dietary source: coconut oil or pure MCT
oil), - exclusion of all gluten-containing products.
After the study had ended, patients showed improved
behaviour and aggression control, as well as improved
social behaviours. This type of dietary intervention
was identified as a potentially beneficial therapeutic
option regarding ASD to improve underlying autistic
disorders.

Following the SCD diet protocol can also have
a positive effect on alleviating ASD symptoms. The
goal of this diet is to alleviate symptoms of carbohydrate
malabsorption and reduce the proliferation of
pathogenic intestinal microflora resulting in dysbiosis.
In SCD, it is aimed to prevent malabsorption of foods
that are more difficult to digest, prevent the formation
of undigested residual nutrients and, as a result,
prevent the growth of pathogenic bacteria in the
intestine [55]. The main principle of the SCD diet is to
limit the intake of complex carbohydrates, di-, oligo-

and polysaccharides, including starch. The diet should
include sources of simple carbohydrates, i.e. glucose,
fructose, galactose. Furthermore, an important element
of the SCD diet are also milk, fermented, lactose-free
probiotic products (natural yoghurts) [56].

Abele et al. [57] conducted the study to investigate
the potential of a specific carbohydrate diet and
selected dietary supplements in reducing some autistic
spectrum disorder (ASD) symptoms in children. This
was a quantitative, non-blinded, non-randomized
three-month pilot study of a dietary and nutritional
intervention. The intervention group received a specific
carbohydrate dietary plan - Specific Carbohydrate Diet/
Gut and Psychology Syndrome diet (SCD / GAPS) —
and a few dietary supplements (omega-3 essential fatty
acids, ascorbyl-palmitate, probiotics, vitamin D, and
vitamin C). The analyzed diet (SCD/GAPS) enriched
with some specific supplements were found to be a safe
and effective approach for reducing some symptoms of
ASD in children.

Studies confirm that the GI symptoms in ASD
children are related to behavioural problems.
FODMAP-restricted diets are used for alleviating
irritable bowel syndrome (IBS) symptoms such as
abdominal pain, bloating, constipation and diarrhoea.
The diet should be followed by a 6-8 week to relieve
inflammation in the gut, then expanding the diet to
include foods with increasingly higher amounts of
FODMAPs [41, 58]. Nogay et al. pilot study [41] aims
to evaluate the effect of the diet of low fermentable
oligosaccharides, disaccharides, monosaccharides
and polyols (FODMAPs) on gastrointestinal
and behavioural problems in ASD children. The
researchers found that the study group following
the FODMAP diet experienced significant relief in
terms of some GI problems compared to baseline in
this group and the control group. Fermentable oligo-
di-monosaccharides and polyols (FODMAPs) form
a heterogeneous group of poorly absorbed short-chain
carbohydrates that are later fermented in the small or
large intestine. FODMAPs include fructose (e.g. fruit
and high-fructose corn syrup), lactose (e.g. milk and
dairy products), fructans (e.g. cereals, vegetables and
fruit), galactans (e.g. legumes and vegetables) and sugar
alcohols (polyols such as sorbitol, fruit and vegetables)
[58].

Other types of diets or product eliminations are
selected based on specialised tests recommended by
a doctor and dietician. This may include such diets
as a Feingold, anti-inflammatory, oxalate-free, low-
histamine or purine-free diet, according to the child’s
status of the organism, for example, problems with fat
digestion or elevated serum ammonia levels. When
following a specific diet, highly processed foods that
contain food additives and preservatives should not
be consumed. Food needs to be as natural as possible,
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preferably cooked at home using simple products.
The diet should be light and varied, so as to relieve
the affected intestine while providing the body with
essential nutrients [59].

Moreover, the elimination-rotation diet, which
consists of excluding products that cause (delayed) IgG
food allergies, may improve behaviour of ASD patients.
Therefore, a food allergy test needs to be performed to
indicate harmful food products. Self-monitoring can
be difficult because the body’s reaction may occur as
long as 3 days after eating a particular food product.
Moreover, symptoms typical of an IgE allergy, such as
rash, are not present in IgG food allergies. However,
such symptoms as abdominal pain, bloating, intestinal
gases and headache may indicate IgG food allergies.
In the first stage of the diet, harmful food products
should be eliminated based on the test results, then
they should be reimplemented into the diet after a set
period of time, in rotation (as a rule, every 4th day). The
elimination-rotation diet needs to be followed under
the supervision of a dietitian to ensure the provision of
all nutrients for the child, which are necessary for their
growth and development [3].

Food selectivity in ASD vs. nutrition education

ASD patients may exhibit higher food selectivity
(i.e. eating a narrow range of food products and/or
rejecting one or more food groups), which limits the
intake of certain foods and it may lead to nutritional
deficiencies. Mild to severe food selectivity affects
up to 95% ASD children [60]. Children with mild
food selectivity may not require treatment. However,
children with moderate to severe food selectivity will
require intervention to promote dietary diversity and
reduce the risk of nutritional deficiencies, bone density
loss and constipation [60, 61].

Food selectivity also increases the challenges of
parenting the ASD child. Parental attempts to introduce
new, previously unfamiliar food products or dishes
into a child’s diet may result in crying, aggression,
self-injury, throwing objects, spitting and pushing food
away as a result of self-defence and protest [62]. Such
destructive behaviours may also occur at the mere sight
or smell of unfamiliar and unwanted foods. Parents
may also be concerned that the persistent introduction
of new foods and dishes into their child’s diet may
lead to further dietary restrictions and worsening of
nutritional deficiencies [63].

In ASD patients, achieving adequate food intake
is a challenge, and some nutrient deficiencies were
identified. The authors of a meta-analysis, which
determines the differences in terms of nutrition
between ASD children and a group of typically
developing children, found that participants with ASD
consumed less protein, phosphorus, selenium, vitamin
D and calcium, thiamine, riboflavin and vitamin B12.

Moreover, ASD children consumed less omega-3
PUFAs and more fruit and vegetables, compared to
controls [64].

Combined behavioural and medical interventions,
in highly organised inpatient units or day treatment
programmes, are well supported in the case of ASD
children with strong food selectivity. These intensive
programmes, however, are expensive and thus they are
notavailable to all social groups [65]. Furthermore, ASD
children with moderate food selectivity may not require
such advanced treatment. Parent training appears to be
useful for moderate food selectivity in ASD children
[66]. The high prevalence of food selectivity in ASD
and associated health risks determine the need to
develop and test therapies tailored to the severity of the
condition.

Sharp et al. [67] developed a meal plan specifically
designed for ASD children with moderate food
selectivity. A key component of this programme was
the development of a multidisciplinary model of care
that combines behavioural intervention and nutrition
education. The dietitian assessed anthropometric
measurements and dietary needs of each child based on
a food diary assessment. The dietitian also participated
in food selection to increase meal variety. Moreover,
dietitians provided nutrition education for participants
to promote principles of healthy eating and reduce the
risk of nutritional deficiencies due to food selectivity.
The implemented educational programme was also
aimed at improving the mealtime behaviour. Parents of
ASD children, who participated in the study, learnt how
to select meal portions and how to give praise/attention
to their child to shape target mealtime behaviours. The
combination of behaviour management strategies and
nutrition education was designed to promote health and
a healthy, balanced diet.

It was found that the implemented educational
programme was acceptable to both parents and ASD
children. Parents expressed great satisfaction with
the programme. Dietitians individually prepared food
plans for each patient, which further demonstrated the
high reliability of the programme. The authors of the
study concluded that such educational programmes
may improve the mealtime behaviour and promote
dietary expansion in ASD children with moderate food
selectivity [68].

Matching symptom severity to intervention based
on a specific criterion, such as the degree of dietary
restriction, meets the call for designing educational
programmes that address patient-specific requirements.
This is particularly significant in patients with multiple
diseases, which is frequently a characteristic of ASDs
[68].

Park et al. [69] conducted an analysis of the
relationship between age and BMI as well as the
mealtime behaviours and food preferences of ASD
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students to identify problematic mealtime behaviours.
The researchers proved that students with ASD could be
divided according to the degree of problematic eating
behaviours, and food preferences were not significantly
different from those of typically developing students.
The conclusion that age and BMI values mediated
the differences in meal behaviours of students with
ASD seems to be particularly important, suggesting
that personalised programmes of nutrition education
are necessary. It was found that younger children
were choosier about food and they needed a separate
educational programme to experience a wider variety
of foods, while older children needed an educational
programme focused on obesity prevention and
treatment.

A particular attention should be drawn to frequently
overlooked fact that autism, although observed in early
childhood, is not an exclusively childhood disorder.
Typically, autistic adults are significantly less frequent
subject of interest than autistic children. Meanwhile,
children with autism grow and change, becoming
autistic adolescents and adults who, in many cases, are
able to compensate for their deficits [70].

The high prevalence of food selectivity of varying
intensity in ASD patients is a flagrant need to develop
and test methods of treatment that can be implemented
on a broader scale and be age-appropriate and
appropriate to severity of the disease. Early childhood,
multilevel education, including nutrition education that
may influence the way the ASD symptoms manifest
themselves in later developmental periods, is one of the
most significant factors.

CONCLUSIONS

The ASDs definition are used to group disease
entities that are neurodevelopmental abnormalities.
Many biological and environmental factors have been
identified, potentially leading to the development of
ASD.

Maternal nutrition is a potentially modifiable factor
important for fetal neurodevelopment. Understanding
the sensitive window of exposure and gene-diet
interactions may help inform precise intervention
and prevention. Future studies that comprehensively
quantify maternal nutrient intake from both food and
supplements and integrate more objective measures
of biomarkers reflecting intake and metabolism are
warranted.

The gut microbiota is believed to play a crucial
role in human health and disease through involvement
in  physiological homoeostasis, immunological
development, glutathione metabolism, amino acid
metabolism, etc., which in a reasonable way explain
the role of gut-brain axis in autism. Based on the
studies conducted so far, it is estimated that the

incidence of gastrointestinal disorders among patients
with autistic disorders is much higher than in the
population of healthy people, i.e. without the presence
of neurodevelopmental disorders.

Gastrointestinal problems that are seen associated
with most of the autism cases suggest that it is not
just a psychiatric disorder as many claim but have
aphysiological base, and alleviating the gastrointestinal
problems could help alleviating the symptoms .

The importance of nutrition and its possible
impact on ASD patients is key to integral therapy.
According to numerous research studies, various
nutritional approaches succeeded in reducing the
severity of patients’ core ASD symptoms. The diet
of ASD patients is also a key factor for the worsening
of ASD symptoms. Children with autism have food
selectivity and limited diets due to smell, taste, or other
characteristics of foods.

Various dietary interventions are tried to alleviate
the symptoms of ASD. Furthermore, utrition plays an
important role in healing gastrointestinal problems that
patients with ASD suffer from. Accordingly, individual-
specific arrangements can be made on existing dietary
protocols. Overall, more studies are needed for proving
the effectiveness of the proposal diets in individuals
with ASD.
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