ISSN 2221-2582 Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

UDC 616-056.527-053.2+612.395.6+642.5+613.2.03
DOI: 10.56871/CmN-W.2024.41.88.003

DIETARY CORRECTION OF OBESITY IN CHILDREN AND ADOLESCENTS

© Elena V. Pavlovskaya' 2, Tatyana V. Strokova'-3

! Federal Research Center of Nutrition, Biotechnology and Food Safity. 21 Kashirskoye shosse, Moscow 115446 Russian Federation
2Russian Medical Academy of Continuing Professional Education. 2/1 Barrikadnaya str., building 1, Moscow 125993 Russian Federation
3 Pirogov Russian National Research Medical University. 1 Ostrovityanova str., Moscow, 117997 Russian Federation

Contact information:

Elena V. Pavlovskaya— Doctor of Medical Sciences, Leading Researcher at the Department of Pediatric Gastroenterology,
Hepatology and Diet Therapy FRCNBFS. E-mail: elena_pavlovsky@rambler.ru ORCID: https://orcis.org/0000-0002-4505-397X
SPIN: 9883-0460

For citation: Pavlovskaya EV, Strokova TV. Dietary correction of obesity in children and adolescents. Children’s Medicine of the North-West.
2024;12(2):31-44. DOI: https://doi.org/10.56871/CmN-W.2024.41.88.003

Received: 09.01.2024 Revised: 04.03.2024 Accepted: 05.06.2024

Abstract. Optimization of nutrition is one of the main components of obesity therapy in patients of all age groups.
In children and adolescents, dietary correction of obesity is especially important due to the limitations of medical
and surgical treatments. The goal of diet therapy for obesity in children is not only to reduce body weight, but
also to provide the body with the nutrients necessary for further growth and development. Currently, the long-
term use of hypocaloric diets is not recommended in outpatient practice for obese children due to their negative
effect on nutritional status and quality of life. The method of choice is an individual isocaloric ration with sufficient
protein content and control of carbohydrates and/or fats, compiled taking into account food tolerance and taste
preferences of the child. It is necessary to educate patients to form a stereotype of healthy eating and adequate
eating behavior in later age periods. A promising therapeutic strategy can be considered the supplementation of
nutrients that are key to nutritional status. The article presents modern approaches to dietary therapy of obesity
in children and adolescents, which make it possible to ensure long-term adherence to treatment for patients and
their families.
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Pe3stome. ONTMM3aumnAa NMTaHNA ABNAETCA OHUM U3 BeAyLMX KOMMOHEHTOB Tepannn OXnpeHna 'y naumeHToB
BCeX BO3PaCTHbIX rpynr. Y peten n NOAPOCTKOB ANeTNYeCKada KOppeKUuna oXnpeHmna nveet 0cob60e 3HauyeHue B
CBA3N C OrpaHNYeHnAMN MeaNKaMeHTO3HbIX U XNPYPrnyecKnx MmeTonoB eyeHnA. Lenbto AneToTepannn OXu-
peHna 'y JeTel ABNAETCA He TONbKO CHUXKEHME MaccChl Tena, HO U obecrneyeHne OpraHn3mMa HyTpueHTaMu, He-
O6XO,D,I/IMbIMI/I OnA fanbHerwero POCTa 1 pa3BUTUA. B HacToAwee BpemA B aM6ynaTopH0|7| npaKkTnkKe AansA paeten c
OXnpeHmnem He peKkoMmeHayeTCca AnTesibHOe NCNojib3oBaHue FVIHOKaJ'IOpI/IIZHbIX BNEeT B CBA3M C UX HEFraTUBHbIM
OeNCTBMEM Ha NULLEBOM CTaTyC N Ka4eCTBO XU3HW. MeTtogom Bbl60pa ABNAETCA VIH,El,I/IBI/IAyaﬂbeIVI HOPMOKaJlo-
pVII;IHbIVI PaunOH C AOCTAaTOYHbIM CoAepPKaHEM 6enka un KOHTPOJ1IEM COAEePKaHMA YrieBoaoB n/vnun XHNpPOB., Co-
CTaBNIEHHbIN C Y4eTOM NEepPeHOCMMOCTU NNLLEBDIX MPOAYKTOB 1 BKYCOBbIX npennhoeHwZ pe6eHKa. HEO6XO,D,I/IMO
o6yL|eHme nayneHToB AnA (I)OpMI/IpOBaHI/IFl cTepeoTna 340pPOBOro NTaHA N afeKBaTHOIo NMLEBOro noseae-
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HVS B fafibHelLLne BO3pacTHble neprofbl. [lepcnekTMBHON TepaneBTUUYECKO CTpaTermein MoXHO CUMTATb AOTa-
LMI0 KIoYEBbIX /1A MULLEBOrO CTaTyca HYTPUEHTOB. B cTaTbe NpefcTaBneHbl COBPeMeHHbIE MOAXOAbI K AMeToTe-
panuu oXnpeHns y feTel 1 NoAPOCTKOB, MO3BOMALLME 06eCneunTb ANNTENIbHOE COXPAHEHWE NPYBEPKEHHOCTH

K Jle4YyeHnto NnayneHToB N nx cemern.

KnioueBble cnoBa: oxupeHue, demu, numdxue, duemomepanus

INTRODUCTION

The main component of treatment strategy
for obesity in children and adolescents is non-
drug therapy aimed at lifestyle modification, in-
cluding nutritional correction, increased physical
activity and normalization of eating behavior [1].
Non-medication treatment has proven efficacy
and safety, but requires strong motivation of each
patient and his/her family for long-term, in many
cases for many years, adherence to the recom-
mendations in present obesogenic (obesity-pro-
moting) environment. The goal of nutritional
therapy for obesity is to reduce the excess energy
value of food, which allows, in combination with
adequate physical activity, to achieve a negative
energy balance.

Since the beginning of the XXI century, the
approach to the nutrition of obese children and
adolescents has changed dramatically. In Russian
and international medical practice, strict food
restrictions have been replaced by healthy eating
rules designed to form of new dietary habits in pa-
tients and their families [2, 3]. The Russian clinical
guidelines for the treatment of obesity in children
enshrine the leading role in the dietary therapy
of obesity of a normocaloric diet that meets the
age-sex requirements of each child in energy and
nutrients [2]. Nowadays, all types of diets (hy-
pocaloric, ketogenic, with a reduced glycemic in-
dex, etc.) are considered to be alternative options
of diet therapy, which are used according to the
indications, limited in time courses and often in
hospital.

HYPOCALORIC DIET

The traditional approach in the treatment of
obesity in children for many decades was the pre-
scription of a hypocaloric diet with a reduction in
energy value at the expense of fats and carbohy-
drates. This method was based on the classical
diet no. 8 according to the system of M.I. Pevsner
and was recommended for both inpatient and
outpatient use [4]. Most researchers noted the low
effectiveness of the hypocaloric diet in the long
term for patients, who used it at home [5], but this

fact was often because of lack of discipline and
willpower. However, long-term implementation
of strict recommendations, including prohibition
of a wide range of foods and dishes, calorie coun-
ting, regulated diet without taking into account
individual food preferences, in the absence of
professional psychological support was accompa-
nied by a significant reduction in the quality of life
as a result of hunger and impaired social functio-
ning associated with food restrictions.

The hypocaloric diet is currently considered to
be the diet of choice for the treatment of obesity
in hospital [3]. It can be used in courses to reduce
body weight rapidly in case of morbid obesity
and/or if a patient has severe complications that
are not amenable to drug therapy (for example,
obstructive sleep apnea syndrome). Rapid weight
loss is also necessary in preparation for surgical
treatment requiring general anesthesia.

This diet is characterized by a reduced content
of simple carbohydrates and saturated fat. The
amount of protein in the diet should correspond
to the age norm or be slightly increased, and the
reduction of energy value is achieved by reducing
the content of carbohydrates and partially fats [1].
The example of hypocaloric menu for children in
hospital is presented in Table 1.

The maximum weight loss using this method
of diet therapy is noted in the first 3-5 days of in-
patient treatment. It is associated with an increase
in diuresis: during the transition from home food,
which in most families is characterized by a high
content of table salt, to a diet with normal sodium
content.

In obese children, controlling protein intake
requires special attention. Protein meals pro-
vide a sense of satiety, making dietary regimens
easier to tolerate. Ensuring adequate protein in-
take in hospital settings can be difficult. Unfami-
liar flavors of food, limited assortment of dishes,
including meat and fish, often lead to children's
refusal to eat, which causes a deficit in the intake
of essential nutrients. Within the framework of a
standard hypocaloric diet with regulated cooking
technology, fish and egg dishes, vegetable side

LECTURES
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Table 1. Sample menu of a hypocaloric diet for school-age children

Ta6bnuua 1. MpumepHoe MeHI0 rMnoKanopuiiHoOM AreTbl ANA AeTell LWKONbHOro Bo3pacra

HavmeHoBaHue 6ntopa / The course BbIXO',El B. run /
Quantity in gr/ml
13asmpak /| Breakfast
1. OMneT HaTypasnbHbIN, GaplunMpoBaHHbI 3eneHbiM ropolukom / Natural omelette with green peas. 130
2. Canat 13 NOMUAOPOB 1 OFypLIOB C pacTuTenbHbIM Macnom / Tomato and cucumber salad with vege- 115/5
table oil.
3. KomnoT un3 cyxodpykTos / Dried fruit compote. 200
II3aempak / ll Breakfast
1. Cydne n3 mopkosu c TBoporom / Carrot soufflé with cottage cheese. 215
2.Yan / Tea. 200
06e0 / Dinner
1. Cyn pu1coBbIii C OBOLLaMK BereTapuaHckuin, ¥> nopuumm / Vegetarian rice soup with vegetables, 250
2 portions.
2. Maco oTtBapHoe 6e3 conu / Boiled meat without salt. 55
3. BpoKKonu oTBapHanA ¢ pactutenbHbiM Macsiom / Boiled broccoli with vegetable oil. 155/5
4. Cok ¢pyKTOBBI (@bpuKocoBbil) / Fruit juice (apricot). 200
MondHuk / Afternoon snack
1. OTBap wunosHuKa / Rosehip decoction. 200
2. flbnoko neueHoe 6e3 caxapa / Baked apple without sugar. 1w
YxuH / Supper
1. PyneT mAcHol 3aneyeHHbin / Baked meat roll. 105
2. CanaT 13 cBeXell KanycTbl U MOPKOBY C pacTutesibHbiM maciiom / Fresh cabbage and carrot salad 130/5
with vegetable oil.
3.Yan / Tea. 200
Ha Houb / For the night
1. Kedup 1% / Kefir 1% 200

HAononnumensHo: / Additionally:
Xne6 pxaHolii / Rye bread 100
SHepzemuueckas yeHHocmes: 1628 Kkan / Energy value: 1628 kcal

dishes and salads are the least popular. Children
with selective appetite and with established stere-
otypes of irrational nutrition may completely skip
meals consisting of subjectively unacceptable
for them foods and dishes. Insufficient adherence
to nutritional therapy in such patients leads to a
decrease in protein and dietary fiber intake [6].

It should be remembered that the use of a
strict hypocaloric diet, especially in the absence
of sufficient physical activity in the hospital, may
lead to a decrease in the fat-free components of
body composition and be the cause of lower res-
ting energy expenditure in the long term [7-9].

There is a high risk of reducing fat-free com-
ponents of body if patient uses a hypocaloric
diet combined with hypodynamia. It limits the
indications for long-term treatment of obesity
in hospital [8, 10, 11]. Previously, it was believed

that treatment of obesity, regardless of its deg-
ree and the presence of complications, should
be started in an inpatient clinic to "isolate" the
child from the adverse effects of the family's die-
tary habits [12]. There was an opinion that in
hospital a child is taught discipline and a proper
dietary regimen. However, in practice, the low
motivation to reduce body weight in children,
especially preschoolers and younger schoolchil-
dren, does not allow the formation of individual
responsibility under conditions of strict food
restrictions. It should be remembered that the
use of a strict hypocaloric diet, especially in the
absence of sufficient physical activity in hospi-
tal conditions, can lead to a decrease in fat-free
components of the body and, in the long term,
be the cause of a decrease in resting energy
expenditure [7-9].
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The high risk of reducing fat-free components
of body composition in children using a hypoca-
loric diet combined with hypodynamia limits the
indications for long-term inpatient treatment of
obesity [8, 10, 11]. Previously, it was believed that
treatment of obesity, regardless of its degree and
the presence of complications, should be started
in an inpatient setting to "isolate" the child from
the adverse effects of the family's dietary habits
[12]. There was an opinion that inpatient hospita-
lization the child is taught discipline and a proper
dietary regimen. However, in practice, the low
motivation to reduce body weight in children,
especially preschoolers and younger schoolchil-
dren, does not allow to form individual responsi-
bility in the conditions of strict food restrictions.
In the past, so called fasting days were considered
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a mandatory component of treatment of obesity
in both children and adults [4, 13]. In essence, it
was a mono-diet used for one day. Both protein
(kefir, cottage cheese, boiled meat) and carbohyd-
rate (fruits, vegetables) models of nutrition were
used to reduce energy intake. There was an opi-
nion about the usefulness of "cucumber" and "wa-
termelon" fasting days. Such one-day restrictions
were recommended to be practiced at least once
a week. At present, this approach to dietary thera-
py of obesity cannot be recognized as acceptable
due to its nonphysiologic nature, lack of evidence,
and negative impact on metabolism. Despite sig-
nificant restriction of energy intake, nutrient im-
balance leads to abnormalities in body compo-
sition. Therefore, the ostensible effectiveness of
fasting days has often been attributed to dehyd-

Table 2. Sample menu of an isocaloric diet for school-age children

Ta6bnuua 2. MprmepHoe MeH0 HOPMOKaNIOPUIHO ANETbI ANA AeTel WKOJIbHOro Bo3pacTa

HavmeHoBaHue 6ntopa / The course

Bbixog B r/mn /
Quantity in gr/ml

1. A3bik oTBapHoOI / Boiled tongue.

3. Kode c monokom / Coffee with milk.

N —

06e0d /Dinner

. MacnuHbl / Olives.
. Komnot 13 sirog ¢ caxapom / Berry compote with sugar.

U b wWwN =

—_

. OTBap wunoBHuKa 6e3 caxapa / Rosehip decoction.
. ®pykTbl cBeXMe / Fresh fruits.

N

YxkuH / Supper

. BuToukn mopkoBHo-A6n04Hble / Carrot and apple cutlets.
.Yan/Tea

A wWN -

1. Viorypt / Yoghurt.
2. Kypara pasmoyeHHas / Soaked dried apricots

|3asmpak/ | Breakfast

2. Kawwa rpeyHeBas paccbinuatas ¢ pactutenbHbiM maciiom / Buckwheat porridge with vegetable oil.

11 3asmpak / Il Breakfast
. TBopor ceexenpurotoBneHHbi / Freshly prepared cottage cheese. 100
. filbnoko neueHoe ¢ Arogamu 6e3 caxapa / Baked apple with berries without sugar.

. bopuwy BeretapuraHckuii co cmetaHon / Vegetarian borsch with sour cream.
.bedcTporaHos u3 otBapHoro msca / Boiled beef stroganoff.
. KapTtodenbHoe niope ¢ pactutenbHbiM Maciom / Mashed potatoes with vegetable oil.

lMondHuk / Afternoon snack

. Pynet mAcHoi, dapmpoBaHHbIi omnetom / Meat roll stuffed with scrambled eggs.
. BuHerpeTt oBoLHo ¢ pacTutenbHbIM Macsiom / Vegetable vinaigrette with vegetable oil.

Ha Houb / For the night

75
170/10
130/50

1 wT.

500/10
55/60
200/10
30
200

200
200

125/5
150/10
180
180

125
60

HononHumeneHo: / Additionally:

1. Xneb6 pxaHoi / Rye bread 100
2. Xne6 nweHwnyHbin / Wheat Bread 120
SHepeemuyeckas yeHHocme: 2630 Kkan / Energy value: 2630 kcal

LECTURES



ISSN 2221-2582

ration of the body [14]. Exclusion of protein from
the diet is particularly dangerous because it pro-
motes mobilization of protein from depots, which
are primarily skeletal muscles. Current knowledge
about the high frequency of sarcopenic obesity
in all age categories and its role in the develop-
ment of comorbid pathology proves the danger
of protein exclusion from the diet even for a short
period of time [7, 8, 15, 16]. In addition, excessive
fructose consumption when using popular "ap-
ple" and "fruit" fasting days is an important etio-
logic factor in the development of nonalcoholic
fatty liver disease [17].

NORMOCALORIC DIET

Prolonged treatment of obesity in pediatric
patients is accompanied by certain difficulties,
because it requires not only creating an energy
deficit, but also providing the body with nutrients
necessary for further growth and development.
For example, in children, you cannot sharply limit
the fat component of the diet due to the need for
it to form an adequate hormonal background in
puberty. And the restriction of meat products can
increase the risk of anemia in adolescent girls. The
safest and most effective method of dietary thera-
py of obesity in children at the outpatient stage is
anormocaloric diet corresponding to the patient's
age-specific needs for energy and nutrients [18].

It should be noted, that the diet used to cor-
rect obesity is not a short-term diet, at the end
of which the patient can return to the usual style
of eating. Due to the need for long-term compli-
ance with the new nutritional rules in outpatient
clinics, it requires individualization of recommen-
dations, taking into account the food preferences
of a particular patient while maintaining the norm
of energy and nutrient intake. This approach al-
lows maintaining normal growth and develop-
ment rates, as well as maintaining high physical
and intellectual activity [1]. An example of a nor-
mocaloric menu for children is shown in Table 2.

To ensure maximum individualization of nutri-
tional therapy, it is recommended to make a diet
on the base of nutritional status of each patient.
The energy value of the diet should correspond
to the actual energy expenditure of the child.
"The gold standard" for determining individual
values of basic energy metabolism and oxidation
rate of macronutrients is indirect calorimetry [19].
Amount of nutrients is established depending on
the individual metabologram values. The impor-
tance of determining metabolic requirements is
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determined by the high frequency of violations of
their values in children. Thus, about half of obese
children have an increased rate of fat oxidation
associated with its excessive amount in the usual
diet. This feature indicates that there is no need
for a sharp restriction of fats, especially unsatura-
ted fats, in the diet of an obese child.

Indirect calorimetry is not a commonly avai-
lable method. Therefore, calculated formulas can
be used to determine the daily energy value of
the diet. In obese children, it is recommended to
estimate the level of basal metabolism using the
Shoefild formula, taking into account age and
sex [18]. When calculating the daily energy va-
lue of the diet, it is necessary to focus on the level
of physical activity of the patient. To determine
the daily energy requirement of individuals with
alow level of physical activity, the index of resting
energy expenditure is multiplied by a coefficient
of 1.4, with an average level — by 1.6, with a high
level of physical activity — by 1.9.

In children with a low obesity class in the ab-
sence of complications, general age-sex norms
of energy and nutrient intake can be used, as gi-
ven in the guideline "Norms of physiologic needs
in energy and nutrients for different population
groups of the Russian Federation" (2021) [18].

The daily ration of a child should be distributed
in such way, that the main part of it falls on the
first half of the day, i.e. the hours of greatest mo-
tor activity. The last meal should be at least two
hours before bedtime.

In formulating diets for obese children, a num-
ber of basic rules should be adhered to in order
to achieve optimal nutrient intake without severe
restriction or prohibition of any foods and meals
that do not allow long-term adherence to the re-
commendations. A complete ban may be approp-
riate only for the group of sweet soft drinks with
added sugar, which includes not only carbonated
beverages, but also commercially prepared juices/
nectars, bottled tea, morsels, and kvass [20, 21].

A child's daily menu should contain lean meat
(beef, veal, rabbit, chicken, turkey), fish (cod, hake,
pink salmon, etc.), eggs, and low-fat milk and dairy
products, including in the form of fermented milk
drinks. However, milk and dairy products with a
high fat content (milk with a fat content of more
than 3.2%, cream, sour cream with a fat content
of 20% or more, cottage cheese with a fat content
of more than 5%, cottage cheese desserts, gla-
zed cottage cheese, cottage cheese mass, cheese
varieties with a fat content of more than 40%)
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should be limited in the diet of obese children
and used no more than 1-2 times a month.

Inthediet should be sharply limited the use of any
sausages, wieners, refractory animal fats (beef, mut-
ton, pork), trans fats (margarine). The amount of but-
ter can remain within the age-appropriate range.

Vegetable oil intake should be in line with
age-related needs. A diet containing adequate
amounts of vegetable fats helps to reduce hun-
ger. Vegetable oil should be used in its natural
form: for salad dressing, vinaigrettes. It can be
added to dishes cooked without fat.

Modification of the carbohydrate component
of the diet in obese children requires special
attention. The quota of simple carbohydrates is
reduced by significantly limiting foods with a high
glycemic index in the diet: added sugar, confec-
tionery, bread, primarily made of refined flour.
According to current Russian norms, the daily in-
take of added sugar should not exceed 10% of the
energy value of the diet, and for overweight and
obese persons it is recommended to reduce the
intake of added sugar to <5% of the daily energy
intake. Thus, obese children should limit added
sugar to 2-3 teaspoons per day.

Vegetables and fruits form an important part
of the diet. Dietary fibers in fruits and vegetables
stimulate intestinal peristalsis, contribute to the
regulation of lipid metabolism, and are a sub-
strate for normal gut microbiota. Foods rich in
dietary fiber create a feeling of satiety. Fruits and
vegetables provide the child's body with mine-
rals and vitamins, have a diuretic effect, remo-
ving excess fluid from the body. In this regard,
the diet should include cucumbers, cabbage
(white, cauliflower, Brussels, kohlrabi), zucchini,
tomatoes, pumpkin, radishes, carrots, turnips,
asparagus, leafy salads, unsweetened fruits and
berries. It is advisable to include in the diet se-
veral times a day dishes of raw and cooked ve-
getables (salads, vinaigrettes with vegetable oil,
boiled and stewed vegetables, etc.). The amount
of potatoes should be limited to 1/2-1/3 of the
recommended rate, replacing it with other ve-
getables. Potatoes are cooked in baked or boiled
form. Fried potatoes and mashed potatoes with
butter are not included in the diet.

In the diet of obese children should not be used
sours, canned compotes, fruit purees, including
homemade. Preference should be given to natu-
ral fresh fruits and berries without added sugar. In
the absence of fresh seasonal vegetables, berries
and fruits should be used frozen products.

ISSN 2221-2582

Food is cooked in boiled, steamed, grilled,
baked ways. In the diet of obese children, we do
not use dishes fried in oil, deep-fried. Surface
frying on a dry pan or with a minimum of vegetable
oil is allowed (it is recommended to use spray oil).

First meals should be predominantly vegetari-
an. Meat, chicken, mushroom and fish broths are
limited in the diet of an obese child. Meat and fish
dishes are given in the form of boiled portioned
pieces or in the form of steamed cutlets, beaters,
meatballs. As garnishes for second courses it is
recommended to use a variety of vegetables or
crumbly porridge: buckwheat, pearl, oatmeal and
millet. Rice, potatoes, pasta from durum wheat
varieties are included in the menu no more than
once a week.

Eggs (for chicken eggs — no more than 1 per
day, 3 per week) should be hard-boiled or used for
cooking [22].

According to current national clinical guide-
lines, the necessary conditions for effective treat-
ment include:

« restriction of sweet drinks: prohibition (con-
sumption of no more than 1 portion and no
more than once a week) not only of sparkling
sweet drinks, but also of juices, compotes,
morsels with permission to take drinking wa-
ter at the child's request;

« limit in sweet fruits — up to 1 serving (100 g)
per day;

- atleast 4 meals a day, breakfast is compulsory;

« prohibition of sweet dairy products;

« control of portion size/number of servings;
"food plates" are now widely used to show
the desired portion size. If a child wants to
eat a second portion of lunch/dinner allow
it 20 minutes from the first, provided it is
eaten regularly (at least 4 meals a day);

« enriching the diet with vegetables (300 g for
young children and 400 g per day for adoles-
cents, limiting the use of potatoes as the only
vegetable in such quantities), dietary fiber,
whole-grain products;

« teaching children to eat slowly without com-
puter/TV/mobile phone [2].

Forcing a child to consume certain foods that
are considered healthy but have ambiguous
organoleptic characteristics depending on the
method of cooking (fish, lean meat, cruciferous
vegetables, etc.) can lead to negative attitudes to-
ward these foods. If a food is strictly prohibited,
it is more likely to be consumed in excess in the
absence of control.

LECTURES
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ALTERNATIVE DIET THERAPIES

These diets are used for short-term prescription
to accelerate weight loss and increase patients’
motivation. Currently authorized approaches
in children include hypocaloric diets, ketogenic
diets, and reduced glycemic load diets.

Ketogenic diet

The main objective of the ketogenic diet is
to reduce the carbohydrate component of the
diet. The mechanism of action of this diet is ke-
tosis resulting from reduced carbohydrate intake.
ESPGHAN is authorized to use the ketogenic
diet as an alternative approach to diet therapy
for obesity in pediatric practice [23]. The indi-
cations for prescribing this diet in children and
adolescents are morbid obesity, as well as the
presence of complications of obesity (obstruc-
tive sleep apnea syndrome, metabolic syndrome,
etc.), in which rapid weight loss at the initial stage
of treatment is recommended. The duration of
the ketogenic diet in children and adolescents
should not exceed 10 weeks. The maximum rate
of weight loss is noted during the first 2 weeks,
and then ranges from 0.5 to 1 kg per week. Pa-
tients need regular medical follow-up to moni-
tor adherence to the diet and identify potential
side effects. Adherence to the ketogenic diet is
accompanied by a high risk of electrolyte imbal-
ance, especially hypokalemia. Possible complica-
tions include weakness, orthostatic hypotension,
diarrhea or constipation, and cholelithiasis. An
adequate drinking regimen is necessary to pre-
vent dehydration. Due to the restriction of fruits,
vegetables and dairy products, additional multi-
vitamin intake is recommended, providing 100%
of the recommended intake rate [13]. The com-
plete blood count, liver function parameters, se-
rum amylase and albumin levels, and the concen-
tration of ketones in urine should be examined at
least once a month [24].

After the end of the diet, carbohydrates are in-
troducing into the diet for several weeks. A num-
ber of studies have shown good tolerance for the
diet, absence of a pronounced hunger, preserva-
tion of a high quality of life. With short-term use,
this diet appears to be more effective than the
standard hypocaloric diet, which is confirmed
by a more significant reduction in body weight,
adipose tissue, as well as a decrease in insulin re-
sistance indices [23].

Despite the above advantages of the ketoge-
nic diet, it should be noted that the main indica-
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tion for its use is pharmacoresistant epilepsy. The
number of randomized controlled trials on its iso-
lated efficacy in obese children is currently small.
Exclusion from the diet of most fruits, vegetables
and cereals, due to the need to sharply limit car-
bohydrate intake, leads to a deficiency of dietary
fiber. It has a negative impact on the gut micro-
biota and determines the limitation of the dura-
tion of use of the diet [6].

Diet with reduced glycemic load

Carbohydrate metabolism disorder with the
formation of insulin resistance develops in most
obese children. A differentiated approach to the
selection of foods containing carbohydrates, ta-
king into account glycemic index, can reduce the
load on the insular apparatus and thus improve
the clinical course of obesity. This approach ca-
tegorizes foods into high (=70), medium (56-69),
and low (<55) glycemic index groups. Reduction
of body weight in this variant of the diet is slower
than in the ketogenic diet, but is not accompa-
nied by negative effects. A sufficient amount of
unsweetened fruits and vegetables determines
the feeling of satiety and contributes to a longer
adherence to the recommendations [5]. It has
been shown that children lose more fat mass on a
low glycemic load diet than on a fat-reducing diet.
In children aged 6-12 years, the use of such diet
results in loss of body weight in a short time. In
adolescents 13-18 years of age, a reduced glyce-
mic load diet, in addition to body weight loss and
optimizing body composition in the short term,
contributes to the maintenance of the achieved
values after 1 year [25].

"Food traffic light"

The "traffic light” diet does not fully qualify as
an alternative nutritional therapy for obesity in
children, as it is intended for long-term use. This
approach is part of a program designed for ele-
mentary school children and their families that
includes family counseling, increased physical ac-
tivity, and regular counseling by a psychologist.
The goal is to preferentially consume foods with
low energy value. Products are divided into 3 ca-
tegories: "green”, "yellow" and "red" (Table 3). Low
calorie foods (most fruits and vegetables) are con-
sidered "green" and recommended for frequent
consumption. Moderate energy foods (e.g., ce-
reals) are considered "yellow" and restricted. "Red"
high calorie foods are to be severely restricted.
The program involves educating the family about
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grocery shopping and individual psychological
training to support the child's motivation to lose
weight [26]. The target group for this nutrition
program is obese children aged 6-12 years.

It is shown that the use of the "food traffic
light" diet leads to a decrease in body weight in
obese children with preservation of the achieved
results in the long term (5-10 years follow-up).
The effectiveness of the "food traffic light" prog-
ram depends on the implementation of additio-
nal recommendations and family participation in
lifestyle changes. In modern foreign recommen-
dations, this approach to nutrition has proven
effectiveness and is one of the behavioral strate-
gies for forming a healthy lifestyle in obese chil-
dren [21].

A universal component of obesity treatment
programs is the monitoring of food eaten in the
form of a food diary. The diary is kept by the child
or parents. Daily physical activity is also noted.
Analysis of the food diary is performed both by the
pediatrician/nutritionist and parents or patient,
especially when the child is adolescence [1].

Despite the availability of various nutritional
approaches to the treatment of obesity in chil-
dren, itis often impossible to follow them for many
years. In this regard, the formation of a correct
stereotype (pattern) of nutrition, which is widely
used in foreign practice, seems relevant. The aim

Table 3. Nutritional Recommendations for the Traffic Light Diet
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of this approach is to consolidate the stereotype
of healthy eating in children and adolescents to
ensure optimal eating behavior in further age pe-
riods. Recommendations for the formation of a
healthy eating pattern as a component of therapy,
proposed by the European Society of Pediatric En-
docrinologists, include:
» reducing the consumption of fast food;
« reducing the use of added sugars and elimi-
nating sugary drinks;
« reducing the consumption of foods rich in fat,
sodium and deeply processed foods;
« consuming whole fruits instead of fruit juice;
« teaching to control portion size;
- reducing saturated fat intake;
« consuming dietary fiber, vegetables and fruits
according to national recommendations;
« eating regular meals at specific times;
- identifying situations that encourage ove-
reating [20].

KEY NUTRIENTS IN PEDIATRIC OBESITY

An important aspect of the modern nutritional
approach for the treatment of obesity in children
is the search for key nutrients, which supplemen-
tation allows to control nutritional and metabolic
status in this category of patients. Polyunsatu-
rated fatty acids, L-arginine and polyphenols are
promising nutrients for inclusion in the diet.

Ta6nuua 3. PeKoMmeHAaLmMmM No NUTaHMIO 418 AUETbI «MULLEBOro cBeTodopa»

«KpacHbi» ueeT / “Red” color

«Kentbin» uset / “Yellow” color

«3eneHbln» uBeT / “Green” color

- Oactoyn / Fast food.

» MaiioHe3 / Mayonnaise.

« TnaBneHbin cbip / Process cheese.

« KunpHasa cmetaHa / Full-fat sour
cream.

+ KnpHoe mMAco (CBUHMHA, XMpHasA
ntuua) / Fatty meats (pork, fatty
poultry).

+ KonueHocTn / Smoked meats.

+ TopTbl M NMPOXHble C Kpemom /
Cakes and pastries with cream.

+ [pox>keBan Bbineyka /

Yeast baked goods.

« Bbenbin xneb / White bread.

« [a3upoBaHHble N cnagkue
HanuTtky / Carbonated and sugary
drinks

. MaKapOHbI N3 TBEPAbIX COPTOB

nweHuybl / Durum wheat pasta.

+ Kaww Ha Boge (kpome maHHOWM) /

Porridge with water (except sem-
olina).

+ Bbineuka n3 HecnagKkoro cnoeHoro

Tecta / Unsweetened puff pastry.

« OtBapHoW KapTodenb /

Boiled potatoes.

+ HexupHoe maco / Lean meat.
+ BapeHas konbaca / Boiled sausage.
« Topbkuii wokonag / Dark choco-

late.

« Mactuna, mapmenag, 3edup /

Pastilla, marmelade, zephyr.

« Teeppabii cblp / Hard cheese.
« Teopor / Cottage cheese.
« Cnapkue opyKTbl 1 CyXodpyKTbl /

Sweet fruits and dried fruits.

« lpaHocTtn / Spices.
« Ketuyn v conexbs / Ketchup and pickles

- Kanycra/ Cabbage.

« 3eneHble canatbl / Green salads.
+ Orypubl / Cucumbers.

» Tomatbl / Tomatoes.

+ MatunccoHbl / Squash.

- baknaxaHbl / Eggplant.

» Mopkosb / Carrot.

+ 3eneHb / Greens.

« fA6nokn / Apples.

+ Uutpycosble / Citrus.

+ Kny6Huka n cmopopauHa /

Strawberries and currants.

+ OnuskoBoe macsno / Olive oil.
+ MopenpogaykTbl / Seafood.

« OtBapHas pbiba / Boiled fish.
+ HexupHbie noryptbl / Low-fat

yogurts.

+ Kedup, npoctoksalua /

Kefir, curdled milk.

+ fAnua BKpyTy!to (A0 2 WTYK) /

Hard-boiled eggs (up to 2 pieces)
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Polyunsaturated fatty acids

Low-fat diet is not recommended in pediat-
ric practice due to the danger of fat deficiency in
the body and disruption of normal development
and health. At the same time, taking into account
the heterogeneity of the fat component, certain
positive effects in obesity can be achieved by
changing the qualitative composition of fat, in
particular, by reducing the level of saturated and
increasing unsaturated and polyunsaturated fatty
acids (PUFAs).

PUFAs are fatty acids containing at least two
double bonds. According to the position of the
first double bond relative to the methyl end, PUFA
molecules belong to the families w-3, w-6, w-9
and others. The ancestors of PUFA families, w-3
and w-6, are essential a-linolenic and linoleic fatty
acids, which cannot be synthesized in the human
body and must be supplied with food [27].

The main prerequisites for the use of PUFAs
to enrich the diets of obese children are: inf-
luence on the expression of genes-requlators of
carbohydrate and lipid metabolism, regulation
of inflammation, regulation of the formation of
endocannabinoids (regulators of appetite and
energy homeostasis). Dietary enrichment with
PUFAs, especially PUFAs of w-3 family, leads to
a decrease in triglyceride synthesis by the liver
and release of LDL from the liver into the blood-
stream and reduces fat deposition in depots.
Reduction of triglyceridaemia and improvement
of blood lipoprotein profile serves as a factor in
the prevention of cardiovascular complications
of obesity. In addition, w-3 PUFAs inhibit the
expression of genes associated with the deve-
lopment of chronic subclinical inflammation
accompanying obesity [28].

Actual nutritional studies show that the diet
of modern human is dominated by saturated
fatty acids to the detriment of PUFAs, and the
ratio of w-6/w-3 PUFAs is shifted towards the
predominance of w-6 and is 20-30:1 instead of
the recommended 5-10:1, It leads to the fact
that all metabolic processes in the body occur
against the background of inflammation due to
the predominance of metabolites of w-6 PUFAs,
which have the most pronounced pro-inflamma-
tory properties [29]. It was noted in the literature,
that w-6 PUFA, namely arachidonic acid, has adi-
pogenic properties associated with the forma-
tion of prostacyclin. It stimulates the synthesis
of substances necessary for the final stage of
adipogenesis, and 2-arachidonoyl-glycerol, the
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main endogenous cannabinoid, which, binding
to the appropriate receptors of the brain, stimu-
lates food intake and fat synthesis. Consequent-
ly, excess w-6 PUFA and high w-6/w-3 PUFA ratio
in the diet may lead to adipogenic effects [30].
Reduction of adipogenesis can be achieved by
reducing the proportion of saturated fatty acids
in the diet (no more than 10% of the daily fat
requirement) and reducing the ratio of w-6/w-3
PUFAs in the diet to the norm of 5-10:1 [31]. The
richest source of w-3 PUFAs is fish and seafood.
It is estimated that consumption of fish or sea-
food 1-2 times a week provides an average daily
intake of w-3 PUFAs at the level of physiologic
need for these compounds. The source of w-6
PUFAs are vegetable oils: sunflower, corn, etc.,
the content of these compounds is 40-60% of
the sum of fatty acids in the product.

L-arginine

Arginine may be considered as one of the key
nutrients in obese children. As a precursor to the
nitric oxide, amino acid arginine regulates many
metabolic processes including fatty acid, glucose,
amino acid and protein metabolism by activating
signaling pathways and gene expression. Argi-
nine's effects include stimulation of lipolysis and
expression of key genes responsible for activating
the oxidation of fatty acids to CO2 and water. In
addition, arginine regulates the interaction bet-
ween adipocytes and muscle cells during energy
metabolism by acting on cytokine and hormone
secretion [32]. Arginine action in skeletal muscles
restores insulin sensitivity [33].

There is a lot of researches showing that argi-
nine supplementation may be a new approach to
the treatment of obesity and metabolic syndrome.
Meta-analysis of randomized placebo-controlled
studies (12 studies: 492 participants) showed that
short-term (3 to 180 days) arginine administration
at a dose of 3 to 24 g/day improves endothelial
function and promotes endothelial recovery in
case of endothelial dysfunction, including against
the background of hyperlipidemia due to high fat
intake [34].

At the beginning of the XXI century, it was sug-
gested that arginine promotes the preservation of
fat-free mass in the process of body weight loss.
Arginine has been shown to be effective in the
treatment of abdominal obesity in adults [35].

Nowadays, there are few studies that have ex-
amined the effects of arginine in children. Howe-
ver, they confirmed good tolerability of arginine
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administration in the pediatric population [36].
Dietary supplementation with L-arginine at a dose
of 9 g/day in combination with nutritional therapy
and aerobic physical activity in obese adolescents
has been shown to be accompanied by stabiliza-
tion of body muscle mass [37].

A recent study of an arginine product for obese
children [38, 39] in addition to a hypocaloric diet
found a statistically significant reduction in in-
ternal organ fat area and preservation of skeletal
muscle mass and active cell mass.

Polyphenols

Polyphenols are minor biologically active com-
pounds of plant origin. They are found in various
food products: fruits, vegetables, cereals, nuts,
coffee, cocoa, spices, seeds. Depending on the
structure of the molecule among them are phe-
nolic acids, stilbenes, flavonoids, lignans. In the
literature, there are numerous data on the effect
of the consumption of polyphenolic compounds,
mainly flavonoids and their subclasses: lignans,
on the reduction of excess body weight [40].

The use of polyphenols both in the form of
dietary supplements and as part of foods of plant
origin can modulate the pathogenetic factors
of obesity. Biological effects of polyphenols in-
clude inhibition of adipocyte differentiation and
transformation of white adipocytes into brown
adipocytes, regulation of lipid metabolism, appe-
tite suppression, increase in energy expenditure,
and modulation of gut microbiota composition.
Polyphenolic compounds (especially resveratrol
and quercetin) can affect adenosine monophos-
phate-activated protein kinase, which triggers the
inhibition of fat accumulation, reduces cholesterol
synthesis, and modulates inflammatory cytokines
[41,42].

It was shown that the use of catechin contained
in green tea extract was accompanied by a de-
crease in lipid accumulation in the body due to in-
hibition of differentiation of 3T3-L1 preadipocytes
into adipocytes. And administration of epigalloca-
techin gallate at a dose of 583 mg of catechins per
day for 12 weeks caused a decrease in adipose tis-
sue mass and serum levels of cholesterol, low-den-
sity lipoproteins [43]. In another study, curcumin
was demonstrated to promote the conversion of
white adipocytes to brown adipocytes [44]. Green
tea polyphenols at a daily dose of 400-600 mg
increase antioxidant levels and decrease serum
leptin levels, reduce fatty acid absorption and de-
crease IL-6 and TNF gene expression levels. The

ISSN 2221-2582

ability of polyphenols to reduce high blood pres-
sure has also been proven in clinical studies [45].

CONCLUSION

Thus, nutritional optimization is one of the lea-
ding aspects of non-drug therapy of obesity in all
age groups. The particular importance of nutrition
in children and adolescents is related to the limi-
ted options for medical and surgical treatment of
obesity at this age. The development of an effective
approach to nutritional therapy is complicated by
the need to provide children with the energy and
nutrients necessary to maintain normal growth and
development. The method of choice is an indivi-
dualized normocaloric diet with sufficient protein
content and control of carbohydrate and/or fat con-
tent, tailored to the child's food tolerance and taste
preferences. Supplementation of key nutrients for
nutritional status may be considered a promising
therapeutic strategy.

Despite the crucial role of diet therapy in
obese patients, it should be taken into account
that it is only part of a comprehensive treatment
approach that includes a spectrum of non-drug,
pharmacologic, and surgical methods. The iso-
lated use of diet for the treatment of obesity is
not effective in the long term and should not be
recommended to patients as the only method of
weight loss.
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AONOJIHUTEJIbHAA NUHOOPMALUA

Bknap aBTopoB. Bce aBTOpbl BHeCnM cylie-
CTBEHHbIV BKNag B pa3paboTKy KoHuenuum, npo-
BefileHMe unccnefoBaHWA U MOArOTOBKY CTaTbW,
npounu n ogobpunu GrHanNbHy Bepcuio nepeq
nybnmkaumen.

KoH$nuKT nHTepecos. ABTOpbl fieKnapupytot
OTCYTCTBUE ABHbIX M MOTEHUMNANbHbIX KOHONMKTOB
WHTEPECOB, CBA3aHHbIX C My6nuKaumen HacTos-
Len ctatbu.
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UcTtouHuk ¢puHaHcmpoBaHMA. ABTOPbI 3asB-

NAT 06 OTCYTCTBUY BHELHEro GprHaHCMPOBaHMWSA
npwv NpoBeAeHNY UCCNefOBaHMA.
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