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Abstract: When monitoring principles of nutrition for children with mental health problems who study in specialized institutions of the
Russian Federation or live in boarding schools, it has been revealed that there is no special adapted diet for them. According to the World
Health Organization (WHO), unbalanced diets along with lifestyle habits are the main risk factors for chronic diseases, which can develop
together with disorders in intellectual and cognitive abilities. Our objective was to study reference data for identifying and summarizing the
nutritional characteristics typical for children requiring special medical care. The review has presented data of foreign and national authors,
as well as data obtained with the “Arktika” Research Scientific Center of the Far Eastern Branch of the Russian Academy of Sciences, on the
elemental status observed in children with autism spectrum disorders, and the nutritional characteristics of the diet kept by residents of
Magadan Region under conditions of the Far North. Based on the data, we have made some recommendations for optimizing diet for

children with mental disorders.
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Introduction

According to the World Health Organization (WHO),
unbalanced diets along with lifestyle habits are the main risk
factors for chronic diseases [1], which can develop together with
mental disorders.

Both Russian and foreign literature report no dietary patterns
approved for a population of children with mental disorders, while
it is indicated that there are serious imperfections in traditional
methods of nutrition for people of this group [2, 3]. In general,
there are few health promotion activities for adolescents and
young people with intellectual disabilities. It should be noted that
optimization of nutritional status can help people with mental
illness improve their cognitive and emotional performance [4, 5].

The problem of special needs that children have in their
mental health is relevant. In particular, it is necessary to point out
that the number of people with ASD (Autism Spectrum Disorder) in
the world has been substantially grown up to 2000% [6]. According
to experts, not only growth and physical development that are
influenced by substances entering the human body with food, but
psychophysiological, behavioral reactions, and the emotional
background are also affected. Features of the nervous system
development in ASD children determine their nutritional
preferences. A number of authors have noted the elevated
consumption of carbohydrates and simple sugars, which directly
relate with aggressive or, on the contrary, depressive states in
patients [7], while others have reported reduced needs for meat
or fish products that are necessary in the diet [8]. The monitoring

of the nutrition principles in specialized institutions of our country
has found no special diet for children with such diseases. The only
feature is an increase in calorie intake, as well as the frequency of
meals per day.

Based on the foregoing, the goal of our work was to study
scientific literature on the problem of optimizing diet for children
with special health needs living in the Far North.

Features of the diet in children with special health care needs

Appendix 1 presents a systematic review of scientific data,
both from foreign and Russian sources, regarding characteristics of
optimal diet for children with mental disorders.

It should be noted that the growth and development of
children are influenced by the North-related regional
characteristics of the diet due to extreme environmental factors.

The concept by L.E. Panin (1978) about the formation of the
Polar Metabolic Type in the North inhabitants is now largely
fundamental with the weakened energetic role of carbohydrates
against the background of enhanced lipid and protein metabolism
[43], i.e. there is a switch of energy metabolism from its
carbohydrate type to the lipid one [44]. These metabolic changes
are considered as physiological adaptation to North-related Stress
and are caused by direct influence of meteorological and
heliogeophysical factors [43, 45]. The work indicates that a diet
with a percentage ratio of proteins, fats and carbohydrates of 16:
40: 44 is optimum for the Caucasian population of the Far North
since it has anti-atherogenic and anti-stress properties. In
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carbohydrate metabolism when carbohydrates prevail in the
nutritional structure up to 64%, inadequate rearrangements of the
endocrine system are observed accompanied by activation of the
pituitary-adrenal system and a decrease in HDL concentration, an
increase in triglycerides in the lipid profile [43]. The Northern type
of metabolism requires predominance of protein-fat components
in food, as well as certain ratios of proteins: fats: carbohydrates, as
well as vitamins, macro-, microelements, and other minor
components in nutrition [46].

A joint expert consultation of the WHO and the Food and
Agriculture Organization of the United Nations on diet and
prevention of chronic diseases has concluded that, according to
available data, sufficient fiber in the diet is associated with
potential health benefits, in particular, with prevention of obesity,
diabetes, cardiovascular disease and even various types of cancer
[47]. According to the WHO recommendations [48], a modern diet
should be characterized by an increased proportion of fruit and
vegetables up to 400 g per day (this is approximately 1 cucumber,
1 tomato, 1 apple, 1 banana, 2 large apricots, 1 orange, half a
grapefruit, several strawberries, 1 carrot). Fresh fruits can be
replaced with dried fruits. In this case, the norm would change: 80
g of fresh fruit correspond to 30 g in dried form, necessary
reduction in proportion of trans-fats, as well as a decrease in
proportion of mono- and disaccharides - less than 10% of the daily
calorie content (tend to 5%).

We have analyzed the diet for residents of Magadan Region,
which can be characterized by low proportions of proteins, fats, a
pronounced deficiency of vitamins and minerals, a violation in
fatty acids ratio, insufficient fiber intake against a background of
high proportions of di- and monocarbohydrates in the diet. An
imbalance in the micro- and macronutrient component of the diet
by residents in Magadan city towards a pronounced deficit in most
of observed trace elements and vitamins, proteins, fats,
carbohydrates with an increased proportion of simple
carbohydrates in nutrition is a problem that should be solved
together with knowledge about the right nutrition. Based on the
above, we note an imbalance that has been common among the
entire population of Magadan Region including children with
mental disorders [50].

Conclusion

The results obtained in the reference review have been used
to formulate recommendations aimed at correcting the nutrition
in order to avoid raising deficiencies in the main macro- and
micronutrients and excess in mono-disaccharides in the diet of
children with mental disorders, which are certain risk factors for
development of chronic diseases in parallel with the mental
disorders.

We used the reference review and data on the current diet of
Magadan Region residents to make some recommendations aimed
at optimizing nutrition of children living in the Far North. The
following nutrition components require to be reduced: refined
sugars, carbonated drinks, energy-intensive products, red meat,
peeled (refined grains), processed meat, fried potatoes, crisps, full-
fat dairy products, sauces and dressings, and carbohydrates.

It is important that the following nutrition components are
taken in sufficient amounts: Omega-3 polyunsaturated fatty acids,
Zn and Mg, CoQyo, vitamins D, A, and Bg, as well as fruit Keeping to
a Gluten-Free and Case-Free Diet if possible; In accordance with
the concept of the Polar Metabolic Type and WHO

recommendations, the following adjustments should be made to
the diet: It is necessary to balance nutrition in the following
percentage proportion of the main macronutrients: proteins : fats
: carbohydrates = 16: 40: 44. For this it is essential to raise caloric
intake due to animal proteins: higher fish and meat (excluding red
meat) consumption, and eggs, as well as fiber through fruits,
vegetables, legumes, nuts and seeds intake. It is necessary to make
proportion of simple carbohydrates lower due to starchy products,
bakery, and confectionery products.
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Appendix 1. Nutrition profiles for children with mental disorders, according to reference data

1 Behavioral changes reflected in the form of hyperactivity in children with special needs, were referred to excessive consumption of refined sugar and

*certain nutritional supplements.

Omega-3 polyunsaturated fatty acids (Omega-3-PUFA) are necessary for the adequate development and functioning of the nervous system and are

2. indispensable throughout life. In childhood, Omega 3-PUFA is a fundamental nutrient for optimal brain development; in adulthood, it is important for  [9, 10]
maintaining operational cognitive function. The concentration of Omega 3-PUFA in the body depends mainly on its amount in the diet.

(7]

3. Declined Omega-3 fatty acid concentrations in the diet were associated with greater hyperactivity in behavior. [11, 12]
An increase in the nervous system hyperactivity in children with special needs is associated with the consumption of the following products: fast food,
4. confectionery, red meat, peeled (refined grains), processed meat, fried potatoes, crisps, soft drinks , cakes, cookies, sauces and dressings, full-fat dairy [7]
products, refined sugar.
5. The paper indicates necessity to raise the proportion of fruit in the diet and reduce fast food. [13]
6. The consumption of highly refined and energy-intensive foods is considered to be associated with symptoms of nervous system hyperactivity. [14]
7 The so called Western (high-carb) dietary pattern may indicate a higher intake of nutritional supplements, flavors, or colorings, which can lead to [15]
* hyperactivity, as well as to changes in function of neurotransmitters as a result of poor consumption of trace elements.
8. There is a strong correlation between soft drinks intake and problems in mental health, namely hyperactivity, due to refined sugar consumption. [16]
9 The diet should be enriched with zinc supplements as an adjuvant to the main treatment, which significantly reduces symptoms of hyperactivity [17]
* syndrome in children.
Magnesium supplements should be taken. The authors indicate a relationship between low magnesium in the blood serum and low magnesium in
hair samples in ADHD children (Attention Deficit Hyperactivity Disorder), which is caused by possible pathophysiological mechanisms. Firstly,
magnesium has a repressive effect on central and peripheral nervous system. Magnesium deficiency that decreases the calming effect is one of the [18-20]

main mechanisms of the pathophysiology in hyperactivity. Secondly, in clinical studies, children with hypomagnesemia were described as exhibiting
elevated nervous and muscle activity, as well as lowered immunity, which leads to irritability and worsens cognitive skills. Magnesium protects cell
membranes from excitatory neurotransmitters such as glutamates (flavor enhancers). Thirdly, magnesium is also involved in the binding of serotonin
and dopamine receptors. Thus, low magnesium levels can lead to a decrease in dopamine synthesis and an increase in ADHD associated with
neurotransmission.
The research was performed in Magadan Region Educational Center No. 1 among 3-15 year-old children being taught according to adapted
educational programs for those with general disorders in psychological development. Low aluminum and zinc, and a tendency to lower iron, and high  [21, 22]
" potassium have been noted in the hair samples of autistic children as specific disorders of mineral metabolism. Low manganese is considered a

possible factor in disruption of neurochemical processes in autistic children. Excessive potassium is noted with neurosis and increased physical activity.

There is a well-reasoned opinion that iron deficiency in children with Autism Spectrum Disorders is a concomitant pathology caused by stereotypical

food selectivity. Iron deficiency often accompanies attention deficit, hyperactivity disorder, and ASD; and the association between iron deficiency and
12. autism has been documented. However, the data characterizing iron metabolism in autistic children are confusing. This applies to differences in the [23-26]
level of ferritin, transferrin, and hemoglobin, iron deficiency related anemia, and other parameters. We believe that the tendency to lower iron in
children with ASD may be an indicator of autism.
The diet should be enriched with vitamin D supplements. The paper emphasizes its role in development and functioning of the brain as well as in
pathogenesis of mental disorders. For example, some studies have shown a relationship between a lack and low levels of vitamin D intake in the first
year of life and an increased risk of developing mental illness. In addition, several studies have shown a correlation between vitamin D and depression.
The relationship between the level of vitamin D in blood serum with depression and cognitive impairment has also been revealed.
In a randomized, double-blind, placebo-controlled study, subjects with special health care needs with low vitamin D levels showed poorer cognitive [32]
test results. The addition of vitamin D to the diet improved their test performance.
The study indicates that a reduced vitamin D level in serum was associated with alexithymia, which shows high comorbidity with autism. Vitamin D

10.

11

13. [27-31]

14.

15 supplements may reduce the risk or severity of autism. [33]
16 The study found that insufficient concentrations of CoQuo in serum can strengthen the severity of the manifestations of ASD (Autism Spectrum [34]
" Disorders).
It was found that decreased vitamin A levels in serum can play a pathogenetic role in autism. The amount of vitamin A in blood serum proved to
17. decline in the subjects with autism and its negative levels significantly correlated with the severity of the course of autism. In addition, another study [34]

has demonstrated that beta-carotene (can be converted to vitamin A), administered after birth to newborns from families with a tendency to autism,
has the potential to prevent / improve autistic behavior.
18. Pyroxidine (Vitamin Bg) was first used in children with a diagnosis of Autism Syndrome, which has proved to improve speech in some children. [37]
In studies, a high frequency of gluten intolerance has been found in children with ASD. Genetic and serological markers of gluten intolerance are
identified in 33 children with autism aged 2.5 — 15 years old. Moreover, 41.9% of patients have a genetic predisposition to celiac disease, and 13.8% of [38, 39]
the subjects show sensitivity to gluten. It should be noted that it is necessary to use an individual approach in administration and evaluation of the
effectiveness of GFD (Gluten-Free Diet).
It has been shown for ASD patients that gluten-free GFD and casein-free CFD diets and intake of probiotics and enzyme preparations can be equally [40]
20. beneficial to reduce the severity of ASD symptoms. Moreover, the use of sugar, pesticides, genetically modified foods, inorganically processed
products and indigestible starches can aggravate the symptoms of the pathology.
K.W. Lange, et al. has analyzed the nutrition of ASD children in the UK. It was found that more than 80% of the examinees use diet therapy and almost
a third (29%) of them keeps to GFD/CFD. Moreover, according to the parents, there is a significant improvement in the main clinical manifestations of  [41, 42]
the disease. 387 parents of pediatric patients with ASD reported positive dynamics in the behavior of the children, their socialization, as well as fewer
symptoms of digestive disorders with the use of GFD/CFD, in comparison with those who did not follow the diet.

19.

21.
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