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In the context of sports medicine, metabolic syndrome (MS) is 
a rather new factor considered. Regular physical activity were 
believed to largely safeguard athletes from the development of 
MS. However, the significant and often over-the-top physical 
strain associated with professional sports is a risk factor for 
inflammatory processes and oxidative stress, which, in turn, 
causes endothelial dysfunction and affects the vascular tone 
regulation [1, 2]. 

At the same time, in some sports, high results require 
excessive weight and even obesity (body mass index > 30). 
Such sports include martial arts (heavy weight category in 

sumo, judo, sambo, Greco-Roman wrestling), rugby, American 
football, weightlifting, strongman competition, powerlifting, 
bobsleigh [2]. These facts, along with the new scientific data 
obtained in the recent years, dictate the need to revise the 
previously practiced approaches. 

Metabolic syndrome: definition and prevalence

How do experts interpret metabolic syndrome today? 
Clinical Guidelines of 2013 by the Ministry of Health of the 
Russian Federation suggest the following definition: "MS is 
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METABOLIC SYNDROME: RISKS IN YOUTH SPORTS

Metabolic syndrome is one of the pre-nosological conditions that implies strain on several systems of the body and disruption of all types of metabolism. The key 

components of the syndrome are visceral obesity, peripheral tissue insulin resistance, arterial hypertension and non-alcoholic fatty liver disease. There is a number of 

diseases associated with the syndrome, which makes diagnosing its preclinical manifestations important. Overweight and obesity only continue spreading; moreover, 

these conditions are registered in people of increasingly younger age. Metabolic syndrome in childhood increases the risk of cardiovascular disease in adulthood. Top 

tier athletes are no exception. Some sports and playing roles promote body weight growth. A young athlete may have specific constitutional features, and, without 

proper control, motivating such athletes to grow muscles means they also grow fat. The recommendation is to pay special attention to children under the age of 11 

that play rugby, American football as line men, in heavy weight categories. Application of the latest diagnostic criteria with their actualization on a regular basis, as well 

as search for additional markers and parameters identifiable in laboratory settings, would ensure adjustment of the athlete's condition in a timely manner. 
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МЕТАБОЛИЧЕСКИЙ СИНДРОМ: РИСКИ В ДЕТСКО-ЮНОШЕСКОМ СПОРТЕ

Метаболический синдром — одно из донозологических состояний, при котором происходят напряжение сразу нескольких систем организма и нарушения 

во всех видах обмена. Его главные составляющие — висцеральное ожирение, инсулинорезистентность периферических тканей, артериальная 

гипертензия и неалкогольная жировая болезнь печени. Синдром ассоциирован с риском развития ряда заболеваний, поэтому важно диагностировать 

его доклинические проявления. Число людей, страдающих избыточным весом и ожирением, только увеличивается, более того, эти состояния активно 

молодеют. Наличие метаболического синдрома в детском возрасте увеличивает риск развития сердечно-сосудистых заболеваний во взрослом. 

Высококвалифицированные спортсмены не исключение. Ряд спортивных дисциплин и игровых амплуа способствуют увеличению массы тела. У молодых 

спортсменов могут быть конституциональные особенности, и мотивирование их к наращиванию мышечной массы без должного контроля приводит 

к тому, что у них вырастает и объем жировой ткани. Рекомендуется обратить особое внимание на детей в возрасте до 11 лет, занимающихся регби, 

американским футболом на позициях лайнменов, выступающих в тяжелых весовых категориях. Следование последним диагностическим критериям 

и регулярное их уточнение, поиск дополнительных маркеров и лабораторных показателей позволят не упустить время и скорректировать состояние 

спортсмена.
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characterized by growth of the visceral fat mass, decrease of 
the insulin sensitivity in peripheral tissues and hyperinsulinemia, 
which trigger disorders of carbohydrate, lipid, purine metabolism 
and arterial hypertension (AH) [3]. 

Some medical professionals consider the spread of 
MS to constitute a new pandemic; its prevalence exceeds 
that of diabetes mellitus. According to the WHO Fact Sheet, 
from 1975 to 2016, the number of obese people worldwide 
has more than tripled. The prevalence of MS in the population 
varies from 10 to 30%; in Russia, the figure is from 20 to 35%. 
Currently, 1.9 billion adults over 18 are overweight, with more 
than 650 million of them obese. This is 13% of the world's adult 
population [3–6].

Along with obesity, in adults and adolescents over 16, 
MS manifests as insulin resistance, dyslipidemia and arterial 
hypertension [3, 7, 8]. 

Previously, obesity was considered to be specific to high-
income countries, but nowadays it grows increasingly prevalent 
in low- and middle-income countries. In 2016, about 41 million 
children under the age of 5 were overweight or obese, while 
among those older than 5 the conditions were registered in 340 
million children and adolescents [3, 9]. Another study states that 
at least 10–15% of children and adolescents are overweight [6]. 
In the 0 through 14 years age group, 350 children out of 100,000
in Russia had their first obesity diagnosis, and in the 15 through 
17 years age group this figure was almost twice as large  almost 
doubled (708 cases per 100,000 children) [10]. 

There is an array of diseases associated with obesity, with 
cardiovascular diseases (CVDs) and diabetes mellitus being 
the most common thereof. The complications of obesity 
also include dyslipidemia, non-alcoholic fatty liver disease 
(NAFLD), reproductive disorders and dysfunctions of the 
reproductive system, disorders of the musculoskeletal system, 
obstructive sleep apnea syndrome etc. [7]. Currently, medical 
professionals and researchers have no univocal view whether 
these conditions are a complication of obesity or concomitant 
diseases that, progressing, exacerbate obesity. Nevertheless, 
many studies have shown that overweight and obesity in 
children and adolescents are the risk factors for metabolic 
syndrome, diabetes mellitus and cardiovascular disease later 
in life. In this connection, early detection and prevention of the 
metabolic syndrome in children and adolescents is an urgent 
public health problem [8].

In its work providing comprehensive recommendations 
for cardiovascular diseases and reduction of risk thereof in 
children and adolescents, a group of experts has underscored 
the importance of preventing the development of risk factors 
(primary prevention) and cardiovascular disease in the future [11].

The recently published data from the study of prevalence of 
obesity in the population of the Russian Federation (main age 
groups, duration 1995 through 2019) has shown that on the 
level of the country's federal districts and constituent entities 
15% of children aged 0–14 years are obese, and in the group 
of 15 through 17 years of age the figure is 7%. At the regional 
level, the largest proportion of obese children in the 0-14 years 
age group is in the Kaluga region (37%), Jewish Autonomous 
Region and Republic of Tyva (35%), and in the 15–17 years 
age group — Jewish Autonomous Region (14%), Republic 
of Tatarstan (13%) and Perm region (12%). The incidence of 
obesity in children aged 0 through 14 years has increased 
4 times, from 367.6 per 100,000 population in 1995 to 1417.1 
in 2019. Since 2002, the obesity indicator among adolescents 
aged 15–17 years has grown almost sixfold, which is a matter 
of great concern; in 2019, it has rapidly increased from 865.1 
to 3411.7 per 100,000 population [5].

In 2007, the European regional office of the WHO developed 
the Childhood Obesity Surveillance Initiative (COSI), which 
aims to identify the causes of overweight and develop and 
implement dietary and physical activity guidelines for children 
of the school age. COSI is one of the largest population-based 
studies of overweight and obesity in this age group; it includes 
over 300,000 children from 38 European countries. Its Moscow 
part took place in 2017–2018 and included 2166 7-year-old 
children; the study revealed that 27% of boys and 22% of girls 
were overweight and 10% and 6%, respectively, — obese [12]. 
These data are consistent with the global trends that indicate 
both the growing prevalence of these conditions and their 
increasing registration in younger age groups [6]. 

Some authors state that the true prevalence of overweight 
and obesity in children is greater than what is officially 
reported [13]. They have also shown that childhood obesity 
is concomitant with poor bone metabolism and imbalanced 
bone formation and bone resorption processes. An 
examination of children in the Sverdlovsk region (Russia) has 
revealed that the prevalence of obesity as registered based 
on the preventive screenings is significantly higher than what 
is recorded in the official statistical reports that draw upon 
the data on people seeking medical assistance willingly. In 
particular, the prevalence of obesity in children of the 0–14 years 
age group in the Sverdlovsk region was 18.4% higher than 
generally in Russia, and for the 15–17 years age group this 
figure was 9.7% [14].

Diagnostic criteria

In 2007, the International Diabetes Federation (IDF) adopted 
new age-specific criteria for abdominal obesity and metabolic 
syndrome in children and adolescents. The criteria dictate 
diagnosing abdominal (visceral) obesity in the 6–15 years age 
group if the waist circumference (WC) is equal to or greater than 
the 90th percentile of the percentile distribution of this indicator. 
Metabolic syndrome is not diagnosed in the 6–9 years age group, 
but an obese (visceral obesity) patient with an aggravated 
family history of MS, type 2 diabetes mellitus, CVD (including 
hypertension) and/or obesity should be additionally examined 
and followed-up routinely [15].

In the 10–15 years age group, MS may be diagnosed if, 
in addition to abdominal obesity, at least two of the following 
criteria are met: TG ≥ 1.7 mmol/L, HDL < 1.03 mmol/L, BP 
≥ 130/85 mm Hg, fasting glucose ≥ 5.6 mmol/L (or type 2 
diabetes; Table 1). From 16 years on, the diagnosis of MS is 
established based on the same criteria as for adults [16].

 Along with anthropometric parameters and physiological 
ranges of blood pressure, puberty significantly alters the 
fat distribution patterns, which is accompanied by the drop of 
the adiponectin level and insulin sensitivity by about 30% 
and additional growth of secretion of this hormone. Such 
transformations, most pronounced in the pubertal period of 
development, make interpretation of the laboratory-measured 
indicators of adolescents a complex matter. This complexity is 
one of the reasons why medical professionals cannot reach the 
consensus about what threshold values of certain parameters 
should be considered signs of MS criteria, especially in the view 
of differing diagnostic significance and contribution of each of 
the components [15].

In 2009, experts from the International Diabetes Federation 
(IDF), the National Heart, Lung and Blood Institute (NHLBI), the 
American Heart Association (AHA ), the World Heart Federation 
(WHF), the International Atherosclerosis Society (IAS), and 
the International Association for the Study of Obesity (IASO) 
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Table 1. Metabolic syndrome criteria for children and adolescents

Table 2. MS criteria in adults and adolescents over 16 years of age [16]

MS criteria Indicators

Abdominal obesity
Critical value exceeded
WC based on ethnicity

Triglycerides > 1.7 mmol/L

HDL cholesterol
male
female

< 1.0 mmol/L
< 1.3 mmol/L

Arterial pressure ≥ 130 / ≥ 85 mmHg

Fasting glucose ≥ 5.6 mmol/L

have developed unified criteria for diagnosing MS in adults and 
adolescents aged 16 and over [16]. These criteria factor in the 
scientific data accumulated to the moment. The consensus 
prescribes diagnosing the condition in case at least three of the 
below-mentioned criteria (Table 2) are met.

The Russian Metabolic Syndrome Clinical Guidelines 
developed in 2013 note that there are practically no prognostic 
data substantiating the benefits of various MS diagnosing 
criteria [3]. In this connection, it is obviously necessary to 
harmonize and adjust the existing diagnostic criteria for the 
conditions of the Russian Federation: factor in the ethnic 
and genetic differences of the Russian population, national 
nutritional characteristics, lifestyle and economic background 
in the state. The suggested key diagnostic criterion is the 
central (abdominal) type of obesity registered at > 80 cm WS 
in women and > 94 cm WS in men, with a number of additional 
criteria; the MS diagnosis is considered reliable when the 
patient exhibits signs of the key criterion and two additional 
criteria: 

– blood pressure level > 140 and 90 mmHg or pharmaceutical 
treatment of hypertension; 

– increased triglyceride levels (≥ 1.7 mmol/L); 
– decreased HDL cholesterol levels (<1.0 mmol/L in men; 

<1.2 mmol/L in women); 
– impaired glucose tolerance (IGT) — elevated plasma 

glucose level 2 hours after loading 75 g of anhydrous glucose 
with OGTT ≥ 7.8 and < 11.1 mmol/L, provided that the fasting 
plasma glucose is below 7.0 mmol/L;

– impaired fasting glycemia (IFG) — elevated fasting plasma 
glucose level ≥ 6.1 and < 7.0 mmol/L, provided that plasma 
glucose after 2 hours with OGTT is below 7.8 mmol/L;

– combined IFG/IGT — elevated fasting plasma glucose 
≥ 6.1 and < 7.0 mmol/L in combination with plasma glucose 
after 2 hours with OGTT ≥ 7.8 and < 11.1 mmol/L [3]. 

Abdominal, or visceral obesity should be considered a 
canonical MS symptom. It has been shown that WC correlates 
more strongly with visceral adipose tissue than body mass 
index (BMI). Here, it is important to take into account a fact 
well-known in sports medicine: BMI depends, interalia, on 
the type of sport, the athlete's muscle mass and some other 
factors, which reduces its informativeness as an objective 
indicator.

A study that included 1037 boys and 950 girls (mean age — 
11 years) undertook a stepwise multiple regression analysis of 
such variables as total cholesterol, triglycerides, high and low 
density lipoproteins and blood pressure and established that 
WS is the most significant predictor, regardless of gender [17]. 
Another study employed dual-energy x-ray absorptiometry 
(DXA) and showed that it is the WC that allows clear and 
accurate (87% accuracy for girls and up to 90% for boys) 
identification of children with low and high body fat mass [18]. 

In adults, WC is widely used as a diagnostic criterion to 
judge distribution of fat in the abdominal region, but in children 
this parameter can be influenced by growth and sexual 
development, which reduces the accuracy of the visceral 
adipose tissue assessment. Ethnicity also plays an important 
role in this context [19]. 

In 2020, a study that involved 113,453 normal weight 
children from eight countries (Bulgaria, China, Iran, Korea, 
Malaysia, Poland, Seychelles and Switzerland) aged 6 through 
18 established reference values for the WC percentiles. The 
researchers have also confirmed that the 90th WC percentile 
can be used to predict cardiovascular risk in children of 
normal weight [20]. In 2021, same WC threshold values were 
recommended in the international consensus made by the 
experts in the pediatric metabolic fatty liver disease [21]. 

Metabolic fatty liver is closely associated with obesity, insulin 
resistance, dyslipidemia and other metabolic constituents 
of MS; it is often considered the "liver constituent" thereof. 
Hypertriglyceridemia and MS were shown to be independent 
factors associated with the development of non-alcoholic 
steatohepatitis, and hypertriglyceridemia is known to often 
manifest in top tier athletes, as it supports the body during 
intense training sessions. In addition to the accumulation of 
excessive amounts of triglycerides in the liver, induction of 
oxidative stress plays an important role in the non-alcoholic 
fatty liver disease (NAFLD) pathogenesis. This kind of stress 
often emerges against the background of extreme sports-
related body overload. According to DIREG 2, a large-scale 
study, the frequency of NAFLD in Russia in 2007 was 27%, and 
in 2014 it rose up to 37.1%, which makes this condition the 
most common liver disease [22].

According to a number of authors, prevalence of NAFLD 
grows in parallel with the growth of prevalence of obesity 

Age group (years)
Obesity (waist 
circumference)

Triglyceride level HDL cholesterol level Blood pressure (BP)
Glucose level or diagnosed type 

2 diabetes

6–9 ≥ 90th percentile
Metabolic syndrome is not diagnosed, but family history of MS, type 2 diabetes, dyslipidemia, CVD, 

hypertension, and/or obesity call for additional examinations

10–15
≥ 90th percentile (adult 

criterion if lower)
≥ 1.7 mmol/L 
(≥ 150 mg/dL)

< 1.03 mmol/L 
(< 40 mg/dL)

Systolic ≥ 130 mmHg 
or diastolic ≥ 85 mmHg

≥ 5.6 mmol/L (100 mg/dL) (or 
diagnosed type 2 diabetes). If 
≥ 5.6 mmol/L, an oral glucose 
tolerance test is recommended

16 and older Application of the criteria developed by the IDF for adults
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and MS [23]. An objective assessment is a complex issue, 
the complexity thereof backed by the limited individual value 
of the routine liver pathology laboratory diagnostics methods 
(determination of bilirubin, ALT, AST, g-GT, albumin, ferritin, 
complete blood count and INR), which are common for 
outpatient practice. For example, twofold increase of the ALT 
and AST levels is registered only in 30% of NAFLD patients, 
and the indicators correlate with the severity of the disease 
quite weakly. Therefore, this study cannot help establish the 
prognosis of metabolic steatohepatitis [24]. It is advisable to 
factor in the influence sports-associated loads have on the 
ranges of values of indicators measured with laboratory tests. 
National studies that involved large samples have shown that 
in sportsmen, reference ranges of the majority of the listed 
biochemical markers differ significantly from those peculiar to 
the regular people. Gender differences, and especially age 
differences, are also of great importance [25].

An analysis of systematic reviews available on PubMed, 
Scopus and Web of Science yielded 36 prospective studies 
(5,802,226 patients) that state the association of NAFLD 
with a moderate increase in the risk of fatal and non-fatal 
cardiovascular events [26].

Discussing the concept of MS as a complex of conditions 
predisposing to cardio-metabolic risk factors and the possibility 
of diagnosing the syndrome in pediatric practice, it is necessary 
to recognize the fuzziness of the criteria currently applied to 
children. This fuzziness is the reason behind the wide variation of 
the assessments of MS prevalence. Thus, in the papers published 
in 2014–2019 the prevalence of MS was assessed within the 
range from 0.3 to 26.4%, which, to a certain, is the result of the 
variety and reliability of the diagnostic criteria used [27]. 

It is also important to remember that a child, as he/she grows 
and develops, may meet the applicable criteria at one time and 
not meet them at another time, and it is not clear whether the 
recorded changes represent an improvement or deterioration in 
his/her health status. Nevertheless, there is conclusive evidence 
that childhood MS and childhood overweight are associated 
with a greater than 2.4-fold risk of developing MS in adulthood, 
and the possible future condition can be predicted from the age 
of 5 years [28]. A certain conformation of this statement can be 
found in a study that demonstrated the relationship between 
childhood MS and cardiovascular diseases in adults 25 years 
later [29]. 

As an individual component of MS, arterial hypertension 
has a number of clinical peculiarities in its course. The said 
peculiarities include frequently observed development of refractory 
hypertension, early damage to target organs, such as the 
development of left ventricular hypertrophy that quickly leads to 
myocardial dysfunction, renal hyperfiltration, decreased elasticity of 
the aorta and arteries. According to the ABPM data, hypertension 
patients with metabolic disorders, compared to hypertensive 
patients without such, are diagnosed with more pronounced 
disturbances in the blood pressure's circadian rhythm, higher 
rates of pressure load at night and increased variability [3].

According to some researchers, screening of children 
and adolescents for overweight and obesity should be 
complemented with screening for high blood pressure [30]. It is 
fairly well known that BP levels in children and adolescents are 
closely associated with age, sex, and body length. However, 
the wide variety of anthropometric data seen even within one 
age group, as well as gender differences, substantiate the need 
to use special centile tables based on the results of the relevant 
population (national) studies [31]. 

A 2016 study that involved not overweight children and 
adolescents aged 6–17 years from seven countries (China, 

India, Iran, Korea, Poland, Tunisia and USA) established the 
international reference BP percentiles depending on sex, age 
and height. These international reference BP values were taken 
as criteria for comparison of prevalence of elevated BP in children 
and adolescents [32]. In the same 2016, Russian cardiologists 
prepared clinical guidelines for arterial hypertension diagnosing 
and treatment in children and adolescents, which suggest 
using centile tables as criteria for assessing blood pressure 
values and factor in age, gender and height [33]. 

In September 2022 there was published a consensus 
prepared by a number of European associations that 
covered hypertension in children and adolescents. This paper 
recommended measuring blood pressure and interpreting the 
results taking into account the centile values for age, sex and 
height, and provided the criteria for assessing modifiable risk 
factors, including overweight, obesity, dyslipoproteinemia, 
hyperglycemia, and insufficient physical activity [34]. However, 
none of the above international and domestic consensus 
documents grades children's BP values factoring in their sports 
activities, although many millions of children and adolescents go in 
for sports worldwide. Moreover, various studies have convincingly 
shown the significant impact of excessive (professional) sports 
load on systemic blood pressure and the subsequent high risk 
of violations of its regulation, which can ultimately cause arterial 
hypertension and other cardiovascular events. 

To a certain extent, the expediency of BP control and early 
detection of AH as an early marker of MS is confirmed by 
the data on pathophysiological role of insulin resistance and 
hyperinsulinemia in the development of endothelial dysfunction 
brought by an imbalance in the synthesis of vasodilators 
and vasoconstrictors, with subsequent development of 
hypertension [35, 36].

Many different markers synthesized in the body adipose 
tissue correlate with metabolic and cardiovascular risk factors; 
in particular, such are pro-inflammatory cytokines (TNFα, IL6) 
and adipokines (eg, adiponectin, leptin, chemerin). Measuring 
the level of of most of these adipokines is not yet part of routine 
laboratory examinations, however, a number of researchers 
suggest testing for adipokines and inflammatory markers in the 
context of basic examination of obese children and adolescents 
to assess the risk of cardio-metabolic diseases. 

Only a few works describe the relationship between age, 
gender, specifics of pubertal development and the level of 
adiponectin in childhood. For example, the level of adiponectin 
in children was found to be higher than in adults, but during 
puberty it goes down significantly. It has also been shown that 
in children, adiponectin is negatively correlated with the body 
fat percentage, and significant weight loss during treatment of 
obesity is associated with the growing level of adiponectin and 
improving insulin resistance. This correlates with the results of 
studies in adults that describe the close relationship between 
adiponectin and body fat and insulin resistance [37]. 

A number of papers highlight the high percentage of 
detection of metabolic disorders and overweight, up to obesity, 
in young American football players. It should be noted that the 
desire to gain more muscle mass for a certain role on the field, 
which is typical for professional players, is not considered to be 
a significant risk factor, since young athletes, college students, 
do not have a clear role and change it during the season. Still, 
according to the surveys involving national samples, overweight 
and obesity are the conditions registered in them 45% and 
42% more often, respectively [2, 38].

Compared to the general population, young rugby players 
(aged 9–14) in France, Europe grow overweight and obese 
more often. The conducted balance studies confirmed it is 
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the high mass of fat, not muscle, that is the primary cause of 
overweight in young athletes [39].

Overweight and obesity pose more risks for the health of 
young athletes than only the risk of MS. Several meta-analyses 
and original studies provide evidence that these conditions 
make young athletes more prone to trauma. Development 
of inflammatory reactions to injury is an important aspect, as 
proven by the high values of a number of cytokines (TNFα, IL1, 
IL6) and such markers as CRP and fibrinogen, which correlate 
with a high risk of obesity. The role of inflammatory reactions 
and endothelial dysfunctions, which, as mentioned above, 
are peculiar to MS, disallows excluding formation of a certain 
vicious circle brought by injuries in overweight athletes, this 
circle ultimately undermining both the athlete’s health and his/
her sports performance [6, 30, 40].

Discussion of the pathophysiological processes that 
condition development of MS necessitates recalling the 
hypothesis of chronic stress. Studies of different years allow 
a high degree of certainty in considering the physiological role 
nonspecific chronic stress reaction plays in energy support of 
specific adaptive components. One of such studies suggests 
differentiating between energy-tropic and trophotropic stages 
of chronic stress, with further subdivision of the stages into 
phases: intense adaptation, relative compensation, and 
decompensation [41]. The energy-tropic stage, diagnosed, 
for example, in children with intrauterine malnutrition, as well 
as in older children and adults, often transforms into the 
trophotropic stage, which is accompanied by the development 

of obesity, diabetes mellitus, CVD and especially often — arterial 
hypertension. According to many researches, the latter group 
of diseases constitutes the metabolic syndrome. Thus, this 
hypothesis suggests interpreting MS as a trophotropic stage of 
chronic stress [42, 43]. It should be noted that young athletes 
undergo significant pubertal transformations that make them 
especially vulnerable to the negative impact of stress factors. 
However, the results of studies investigating the relationship 
between MS, chronic stress and sports loads have not yet 
been published.

CONCLUSION

The problem of MS is obviously relevant to the sports medicine; 
further targeted research is needed to develop diagnostic 
criteria for this condition and methodological approaches to its 
management tactics applicable to children and adolescents, 
such criteria and approaches factoring in not only age and 
gender differences but also the specifics of the practiced sport 
through the lens of pubertal development. The results of such 
research would allow adjusting the MS diagnostic algorithm 
proposed in the literature to the characteristics of children and 
adolescents involved in sports, with the appropriate standard 
and reference values of the parameters that, as a rule, are 
looked into as part of in-depth medical examinations. Practical 
implementation of this algorithm can fundamentally improve 
the quality of early diagnosis and treatment and prevention 
programs developed for this syndrome.

References

1.	 Belenkov YuN, Privalova EV, Kaplunova VYu, Zekcer VYu, 
Vinogradova NN, Ilgisonis IS, et al. Metabolicheskij sindrom: 
istoriya razvitiya, osnovnye kriterii diagnostiki. Racional'naya 
Farmakoterapiya v Kardiologii. 2018; 14 (5): 757–764. Russian.

2.	 Borchers JR, Clem KL, Habash DL, Nagaraja HN, Stokley LM, 
Best TM. Metabolic Syndrome and Insulin Resistance in Division 1 
Collegiate Football Players. Med Sci Sports Exerc. 2009; 41 (12).

3.	 Ministerstvo zdravoohraneniya Rossijskoj Federacii. Rekomendacii 
po vedeniyu bol'nyx s metabolicheskim sindromom. Klinicheskie 
rekomendacii. M., 2013. Dostupno po ssylke: https://mzdrav.
rk.gov.ru/file/mzdrav_18042014_Klinicheskie_rekomendacii_
Metabolicheskij_sindrom.pdf. Russian.

4.	 Informacionnyj byulleten' VOZ «Ozhirenie i izbytochnyj ves». 
Dostupno po ssylke: https://www.who.int/ru/news-room/fact-
sheets/detail/obesity-and-overweight. Russian. 

5.	 Savina AA, Fejginova SI. Rasprostranennost' ozhireniya sredi 
naseleniya Rossijskoj Federacii: period do pandemii COVID-19. 
Social'nye aspekty zdorov'ya naseleniya [setevoe izdanie]. 2022; 
68 (5): 4. DOI: 10.21045/2071-5021-2022-68-5-4. Russian.

6.	 Peterkova VA, Bezlepkina OB, Bolotova NV, Bogova EA, 
Vasyukova OV, Girsh YaV. Klinicheskie rekomendacii «Ozhirenie u 
detej». Problemy ehndokrinologii. 2021; 5: 67–83. Russian.

7.	 Dedov II, Mokrysheva NG, Mel'nichenko GA, Troshina EA,
Mazurina NV, Ershova EV, i dr. Ozhirenie. Klinicheskie rekomendacii. 
Consilium Medicum. 2021; 23 (4): 311–25. DOI: 10.26442/20751
753.2021.4.200832. Russian. 

8.	 Proekt rekomendacij ehkspertov Rossijskogo kardiologicheskogo 
obshhestva po diagnostike i lecheniyu metabolicheskogo sindroma 
(3-j peresmotr). M., 2013; 103 s. Russian. 

9.	 Lyax VI, Levushkin SP, Skoblina NA. Tendencii izmenenii ̆ 
pokazatelya indeksa massy tela u detej, podrostkov i molodezhi 
v konce XX — nachale XXI veka. Voprosy prakticheskoj pediatrii. 
2022; 17 (1): 185–9. DOI: 10.20953/1817-7646-2022-1-185-
189. Russian. 

10.	 Zdravoohranenie v Rossii. 2021: Stat. sb. / Rosstat. M., 2021.  
Dostupno po ssylke: https://rosstat.gov.ru/storage/mediabank/

Zdravoohran-2021.pdf. Russian.
11.	 Expert Panel on Integrated Guidelines for Cardiovascular Health 

and Risk Reduction in Children and Adolescents; National Heart, 
Lung, and Blood Institute. Expert panel on integrated guidelines 
for cardiovascular health and risk reduction in children and 
adolescents: summary report. Pediatrics. 2011; 128 (Suppl 5): 
S213–56. DOI: 10.1542/peds.2009-2107C. Epub 2011 Nov 14. 
PMID: 22084329; PMCID: PMC4536582.

12.	 Childhood Obesity Surveillance Initiative HIGHLIGHTS 2015–17. 
Available from: https://www.euro.who.int/__data/assets/pdf_
file/0006/372426/WH14_COSI_factsheets_v2.pdf].

13.	 Martynova IN. Shkola zdorov'ya dlya detej s ozhireniem v usloviyax 
detskoj polikliniki [dissertaciya]. 2019; 24 s. Russian.

14.	 Anufrieva EV, Neupokoeva LYu, Kovtun OP. Tendencii 
rasprostranennosti ozhireniya u detej i podrostkov v Sverdlovskoj 
oblasti. Rossijskij pediatricheskij zhurnal. 2020; 1 (2): 5–9. Russian.

15.	 Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, 
et al. IDF Consensus Group. The metabolic syndrome in children 
and adolescents — an IDF consensus report. Pediatr Diabetes. 
2007; 8 (5): 299–306. DOI: 10.1111/j.1399-5448.2007.00271. x. 
PMID: 17850473.

16.	 Alberti KG, Eckel RH, Grundy SM, et al. Harmonising the 
metabolic syndrome: a joint interim statement of the IDF. NHLBL, 
AHA, WHF, IAS, IASO. Circulation. 2009; 120 (16): 1640–5. DOI: 
10.1161/ CIRCULATIONAHA.109.192644.

17.	 Savva SC, Tornaritis M, Savva ME, Kourides Y, Panagi A, Silikiotou N, 
et al. Waist circumference and waist-to-height ratio are better 
predictors of cardiovascular disease risk factors in children than 
body mass index. Int J Obes Relat Metab Disord. 2000; 24 (11): 
1453–8. DOI: 10.1038/sj.ijo.0801401. PMID: 11126342.

18.	 Brambilla P, Bedogni G, Moreno LA, Goran MI, Gutin B, Fox KR, et 
al. Crossvalidation of anthropometry against magnetic resonance 
imaging for the assessment of visceral and subcutaneous adipose 
tissue in children. Int J Obes (Lond). 2006; 30 (1): 23–30. DOI: 
10.1038/sj.ijo.0803163. PMID: 16344845.

19.	 Taylor RW, Williams SM, Grant AM, Ferguson E, Taylor BJ, 



36

ОБЗОР    СПОРТИВНАЯ МЕДИЦИНА

МЕДИЦИНА ЭКСТРЕМАЛЬНЫХ СИТУАЦИЙ   2, 25, 2023   MES.FMBA.PRESS| |

Литература

1.	 Беленков Ю. Н., Привалова Е. В., Каплунова В. Ю., 
Зекцер В. Ю., Виноградова Н. Н., Ильгисонис И. С., и др. 
Метаболический синдром: история развития, основные 
критерии диагностики. Рациональная Фармакотерапия в 
Кардиологии. 2018; 14 (5): 757–64.

2.	 Borchers JR, Clem KL, Habash DL, Nagaraja HN, Stokley LM,
Best TM. Metabolic Syndrome and Insulin Resistance in 
Division 1 Collegiate Football Players. Med Sci Sports Exerc. 
2009; 41 (12).

3.	 Министерство здравоохранения Российской Федерации. 
Рекомендации по ведению больных с метаболическим 
синдромом. Клинические рекомендации. М., 2013. Доступно 
по ссылке: https://mzdrav.rk.gov.ru/file/mzdrav_18042014_
Klinicheskie_rekomendacii_Metabolicheskij_sindrom.pdf.

4.	 Информационный бюллетень ВОЗ «Ожирение и избыточный 
вес». Доступно по ссылке: https://www.who.int/ru/news-room/
fact-sheets/detail/obesity-and-overweight.

5.	 Савина А. А., Фейгинова С. И. Распространенность ожирения 
среди населения Российской Федерации: период до пандемии 
COVID-19. Социальные аспекты здоровья населения [сетевое 
издание]. 2022; 68 (5): 4. DOI: 10.21045/2071-5021-2022-68-5-4.

6.	 Петеркова В. А., Безлепкина О. Б., Болотова Н. В., Богова Е. А., 
Васюкова О. В., Гирш Я. В. Клинические рекомендации 
«Ожирение у детей». Проблемы эндокринологии. 2021; 5: 67–83.

7.	 Дедов И. И., Мокрышева Н. Г., Мельниченко Г. А., Трошина Е. А.,
Мазурина Н. В., Ершова Е. В., и др. Ожирение. Клинические 
рекомендации. Consilium Medicum. 2021; 23 (4): 311–25. DOI: 
10.26442/20751753.2021.4.200832. 

Goulding A. Waist circumference as a measure of trunk fat mass 
in children aged 3 to 5 years. Int J Pediatr Obes. 2008; 3 (4): 
226–33. DOI: 10.1080/17477160802030429. PMID: 18608631.

20.	 Xi B, Zong X, Kelishadi R, Litwin M, Hong YM, Poh BK, et al. 
International Waist Circumference Percentile Cutoffs for Central 
Obesity in Children and Adolescents Aged 6 to 18 Years. J Clin 
Endocrinol Metab. 2020; 105 (4): e1569–83. DOI: 10.1210/
clinem/dgz195. PMID: 31723976; PMCID: PMC7059990.

21.	 Eslam M, Alkhouri N, Vajro P, Baumann U, Weiss R, Socha P, et al. 
Defining paediatric metabolic (dysfunction)-associated fatty liver 
disease: an international expert consensus statement. Lancet 
Gastroenterol Hepatol. 2021; 6 (10): 864–73. DOI: 10.1016/
S2468-1253 (21): 00183-7. Epub 2021 Aug 6. PMID: 34364544. 

22.	 Ivashkin VT, Drapkina OM, Maev IV, i dr. Rasprostranennost' 
nealkogol'noj zhirovoj bolezni pecheni u pacientov ambulatorno-
poliklinicheskoj praktiki v Rossijskoj Federacii: rezul'taty 
issledovaniya DIREG 2. Rossijskij zhurnal gastroehnterologii, 
gepatologii, koloproktologii. 2016; 25 (6): 31–41. Russian.

23.	 Liu H, Lu HY. Nonalcoholic fatty liver disease and cardiovascular 
disease. World J Gastroenterol. 2014; 20 (26): 8407–15.

24.	 Caballería Ll, Auladell AM, Torán P, et al. Prevalence and factors 
associated with thepresence of non alcoholic fatty liver disease in 
an apparently healthy adult population in primary care units. BMC 
Gastroenterology. 2007; 7: 41.

25.	 Grishina ZhV, Klyuchnikov SO, Yashin TA, Makarova GA, Lomazova EV, 
Bushueva IE, i dr. Referentnye intervaly bioximicheskix pokazatelej 
krovi u yunyx sportsmenov. Voprosy prakticheskoj pediatrii. 
2022; 17 (1): 71–78. DOI: 10.20953/1817-7646-2022-1-71-78. Russian.

26.	 Mantovani A, Csermely A, Petracca G, et al. Non-alcoholic fatty 
liver disease and risk of fatal and non-fatal cardiovascular events: 
an updated systematic review and meta-analysis. The Lancet 
Gastroenterology and Hepatology, 2021. 

27.	 Reisinger C, Nkeh-Chungag BN, Fredriksen PM, Goswami N. 
The prevalence of pediatric metabolic syndrome-a critical look on 
the discrepancies between definitions and its clinical importance. 
Int J Obes (Lond). 2021; 45 (1): 12–24. DOI: 10.1038/s41366-
020-00713-1. Epub 2020 Nov 18. PMID: 33208861; PMCID: 
PMC7752760.

28.	 de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW,
Rifai N. Prevalence of the metabolic syndrome in American 
adolescents: findings from the Third National Health and Nutrition 
Examination Survey. Circulation. 2004; 110 (16): 2494–7. DOI: 
10.1161/01.CIR.0000145117.40114.C7. Epub 2004 Oct 11. 
PMID: 15477412.

29.	 Koskinen J, Magnussen CG, Sinaiko A, Woo J, Urbina E, Jacobs DR 
Jr, et al. Childhood Age and Associations Between Childhood 
Metabolic Syndrome and Adult Risk for Metabolic Syndrome, 
Type 2 Diabetes Mellitus and Carotid Intima Media Thickness: 
The International Childhood Cardiovascular Cohort Consortium. 
J Am Heart Assoc. 2017; 6 (8): e005632. DOI: 10.1161/
JAHA.117.005632. PMID: 28862940; PMCID: PMC5586423.

30.	 Magge SN, Goodman E, Armstrong SC. Committee on nutrition; 
section on endocrinology; section on obesity. The metabolic 
syndrome in children and adolescents: shifting the focus to 

cardiometabolic risk factor clustering. Pediatrics. 2017; 140 (2): 
e20171603. DOI: 10.1542/peds.2017–1603. PMID: 28739653.

31.	 Zaharova IN, Malyavskaya SI, Tvorogova TM, Vasileva SV, 
Dmitrieva YuA, Pshenichnikova II. Metabolicheskij sindrom u 
detej i podrostkov opredelenie. Kriterii diagnostiki. Medicinskij 
Sovet. 2016; (16): 103–9. Dostupno po ssylke: https://doi.
org/10.21518/2079-701X-2016-16-103-109. Russian.

32.	 Xi B, Zong X, Kelishadi R, Hong YM, Khadilkar A, Steffen LM, 
et al. International child blood pressure references establishment 
consortium. Establishing international blood pressure references 
among nonoverweight children and adolescents aged 6 to 
17 years. Circulation. 2016; 133 (4): 398–408. DOI: 10.1161/
CIRCULATIONAHA.115.017936. Epub 2015 Dec 15. PMID: 
26671979; PMCID: PMC4729639.

33.	 Ministerstvo zdravoohraneniya Rossijskoj Federacii. Arterial'naya 
gipertenziya u detej. Klinicheskie rekomendacii. 2016; 34 s. 
Russian.

34.	 de Simone G, et al. Hypertension in children and adolescents: 
A consensus document from ESC Council on Hypertension, 
European Association of Preventive Cardiology, European 
Association of Cardiovascular Imaging, Association of 
Cardiovascular Nursing & Allied Professions, ESC Council for 
Cardiology Practice and Association for European Paediatric and 
Congenital Cardiology. European heart journal. 2022; 43 (35): 
3290–301.

35.	 Posohova NV, Bolotova NV. Ozhirenie kak faktor formirovaniya 
arterial'noj gipertenzii u detej i podrostkov. Pediatriya im. G. N. 
Speranskogo. 2015; 94 (5): 127–31. Russian.  

36.	 Gutie ́rrez-Rodelo C, Roura-Guiberna A, Olivares-Reyes JA. 
Mecanismos moleculares de la resistencia a la insulina: una 
actualización [Molecular mechanisms of insulin resistance: an 
update]. Gac Med Mex. 2017; 153 (2): 214–28. PMID: 28474708. 

37.	 Reinehr T, Roth C, Menke T, Andler W. Adiponectin before 
and after weight loss in obese children, The Journal of Clinical 
Endocrinology & Metabolism. 2004; 89 (8): 3790–4. Available 
from: https://doi.org/10.1210/jc.2003-031925.

38.	 Malina RM, Morano PJ, Metal Barron. Overweight and obesity 
among youth participants in American football. J Pediatr. 2007; 
151 (4): 378–82.

39.	 Zong X, Bovet P, Xi B. A proposal to unify the definition of 
the metabolic syndrome in children and adolescents. Front 
Endocrinol (Lausanne). 2022; 13: 925976. DOI: 10.3389/
fendo.2022.925976. PMID: 35846321; PMCID: PMC9276932.

40.	 Weihe P, Weihrauch-Blüher S. Metabolic syndrome in children 
and adolescents: diagnostic criteria, therapeutic options and 
perspectives. Curr Obes Rep. 2019; 8 (4): 472–9. DOI: 10.1007/
s13679-019-00357-x. PMID: 31691175.

41.	 Neudahin EV. Hronicheskij stress v obshhej patologii u detej: 
voprosy detskoj dietologii. 2014; 12 (5): 44–49. Russian.

42.	 Neudahin EV, Moreno IG. Uglublenie predstavlenij o nekotoryh 
mehanizmax formirovaniya hronicheskogo stressa. Voprosy 
prakticheskoj pediatrii. 2016; 11 (54): 28–37. Russian. 

43.	 Neudahin EV, Prityko AG, redaktory. Ateroskleroz — doroga zhizni 
ot zachatiya do starosti. M.: RadioSoft, 2021; 264 s. Russian.



37

REVIEW    SPORTS MEDICINE

EXTREME MEDICINE   2, 25, 2023   MES.FMBA.PRESS| |

8.	 Проект рекомендаций экспертов Российского кардиологического 
общества по диагностике и лечению метаболического 
синдрома (3-й пересмотр). М., 2013; 103 с.

9.	 Лях В. И., Левушкин С. П., Скоблина Н. А. Тенденции 
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