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Abstract Introduction. The prevalence of non-alcoholic fatty liver disease is increasing in line with the global obesity
epidemic and is diagnosed at an younger age, as for, it is pathogenetically associated with lipid metabolism pathology.
Material and methods: There were examined 88 children with exogenous-constitutional obesity, who were divided into two
groups: group 1% with a uniform type of obesity and group 2™ with an abdominal type of obesity, as well as 40 conditionally
healthy children with normal body weight. Lipid metabolism was studied, and an ultrasound examination of the liver was
performed. Results: It was found that in children with obesity, NAFLD is diagnosed in 50.0% of children, and in children
with visceral obesity in 67.5%. Most often, fatty infiltration of hepatocytes is detected in children aged 16-18 years with
abdominal obesity (100%). It was found that in obese boys, steatosis develops earlier than in girls and occurs against the
background of more expressed lipid metabolism disorders. Structural changes in the liver parenchyma in NAFLD are
characterized by the development of a diffuse-focal process with the simultaneous presence of areas of varying sizes with
changes such as fatty degeneration and steatohepatitis against the background of unchanged parenchyma. Conclusion.
Children with various forms of obesity require timely implementation of a set of diagnostic and therapeutic and preventive
measures aimed at identifying disorders and improving the morphofunctional state of the liver in order to reduce the risk of
developing diseases of the hepatobiliary system and metabolic-inflammatory progression of hormonal-metabolic disorders.
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1. Relevance of the Problem

World statistics show that the most common chronic disease
of the hepatobiliary system in children and adolescents is
non-alcoholic fatty liver disease (NAFLD), which in the vast
majority of cases occurs due to the increasing incidence of
overweight and obesity [1,2].

Even in publications of the last century, there is data that
25%-55% of children with obesity have non-alcoholic fatty
liver disease, in 2/3 of these children the disease progresses,
often complicated by fibrosis of the liver parenchyma and
even cirrhosis of the liver [3,4]. On the research works of K.
Nadeau and M. Rashid, this statement was shown and proven
through a study of a large cohort of children. The lack of
uniform standard protocols for diagnosing non-alcoholic
fatty liver disease creates difficulties for statistically reliable
determination of the prevalence of this condition in all countries
of the world [5,6]. Currently, according to a systematic
review and meta-analysis, the prevalence of NAFLD in the
pediatric population is 7.6%, and among obese children —
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34.2% [7].

The mechanisms of development and progression of
non-alcoholic fatty liver disease continue to be the subject of
study by many researchers around the world. The formation
of NAFLD is based on metabolic disorders of all types of
metabolism against the background of obesity [8]. The trigger
mechanism for fat deposition in liver cells with subsequent
alteration of hepatocytes is an excess concentration of insulin
in the patient’s blood serum, the formation of insulin resistance,
and hypertriglyceridemia [9,10]. This is a complex of
pathological conditions occurring with lipid metabolism
disorders, leading to destruction of the liver parenchyma of
non-alcoholic genesis. It is the presence of these changes that
allows non-alcoholic fatty liver disease to be classified as
one of the conditions of metabolic syndrome. Scientists are
deciding on the inclusion of the diagnosis of NAFLD in the
classification of metabolic syndrome [11].

A kind of beginning of the vicious circle of liver steatosis
is insulin resistance, which, in turn, leads to an imbalance
between the synthesis of triglycerides and the production of
liver lipoproteins, and this acts as a trigger for the deposition
of free fatty acids in the liver parenchyma [12,13]. The
deposition of free fatty acids leads to “fatty degeneration”
of the mitochondria of liver cells, this disrupts 3-oxidation
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of fatty acids and inhibits ATP production, this stimulates
oxidative processes in hepatocytes, as a result of which
hepatotoxic active substances are synthesized forms of
oxygen, which leads to "oxidative stress", as well as the
production of lipid peroxidation products, which cause the
death of hepatocytes. Literature data on the frequency of
NAFLD in patients with lipid metabolism disorders are
contradictory, but increasingly authors agree on the
relationship between these conditions [14,15].

In light of the presented data, we were interested in
studying the state of lipid metabolism in children with
obesity, with the determination of the characteristics of the
development of non-alcoholic fatty liver disease.

2. Material and Methods

There were observed 84 children with exogenous-
constitutional obesity in the Family Clinics in Samarkand
(Uzbekistan). The average age of the children was
12.1240.31 years. The control group consisted of 40 children
of the same age (12.1540.27) with body weight indicators
within the normal range.

The anthropometric data were obtained using standard
methods. Height-weight parameters, waist and hip circumference
of children and adolescents were measured. The child's
physical development was analyzed by comparing the
obtained data with the WHO cumulative centile tables (age,
gender, height-weight aspect) [16]. The body mass index
(BMI) was also calculated.

The obtained anthropometric parameters were assessed in
accordance with the standard deviations of the body mass
index (SDS) based on WHO recommendations [16].

The basis for establishing the diagnosis of obesity was the
determination of the intersection point of age and BMI above
+2.0 SDS BMI [17].

A sample of 84 children with exogenous-constitutional
obesity, who made up the main group, had a BMI of +2.6 to
>+3 SDS, i.e., children had a BMI characterizing obesity
from I1-111 degree, the average BMI was 32.7440.47 kg/m2,
the average SDS of BMI was in the range of 2.8840.11, in
the control group, the BMI had a range from +1.0 to -1 SDS,
while the average BMI was 19.2840.22 kg/m2 with a
standard deviation of SDS BMI of 0.9140.05 (p0.001
compared to the main group).

All children in the main sample had their waist size
(WS) and hip volume (HV) determined, with subsequent
determination of the WS/HV ratio, which served as an
objective indicator of the presence or absence of abdominal
obesity. WS was correlated with the WC percentile tables
data for gender and age, and the diagnosis of obesity was
made according to The abdominal type was defined as WS
values equal to the 90th percentile and above for the
corresponding age gradation and gender [18]. Provided that
the adolescent’s age is 16 years or above, the criterion was
WS > 94 cm for boys and > 80 cm for girls.

According to the WS indices and the WS/HV ratio, all
children with exogenous-constitutional obesity were divided
into 2 groups. Group 1 (abdominal obesity- AO) - 40 children
had a BMI of +2.0 to >+3 SDS, i.e. children had a BMI
characterizing obesity from I-111 degree, the waist WS in this
group exceeded the 90th percentile for the corresponding age
and gender. The average BMI in children of this group
(32.1420.51 kg/m? significantly exceeded the indices of the
control group (p<0.001).

Group 2 (uniform obesity- UO)— 44 children, included
patients with BMI +2.0 to >+3 SDS, which was
corresponding to I-111 obesity groups, but with WS within the
normal range according to percentile deviations according to
age and gender, on average, BMI was 32.7140.46 kg/mZ.

The study of the lipid spectrum of blood serum (total
triglycerides (TG), high density lipoprotein cholesterol
(HDLC), low density lipoprotein cholesterol (LDLC) was
carried out by the absorption photometry method on the
automated test system of the biochemical analyzer Cobas
Integra 400 plus (Roche, France).

Statistical processing of the obtained data was carried
out on a personal computer using the Statistica 10 program.
Parametric statistics methods were used for indicators with a
normal distributionand and calculated on the arithmetic
mean (M), the averge square deviation (o), the standard
error of the mean (m), and relative values (frequency, %).
For indicators with a distribution different from normal,
nonparametric statistics methods were used with the
calculation of the median Me and the interquartile range. The
statistical significance of differences in the obtained data was
calculated using the Student’s criterion (t) with subsequent
calculation of the probability of error (R). Comparison of the
frequency feature was carried out using Pearson's chi-square;
for values of the expected phenomenon less than 10, Fisher's
exact criterion was used.

3. Results of the Study and Discussion

When studying the frequency of dyslipidemia in children
with abdominal obesity and in the comparative characteristics
of children with a uniform type of obesity, it was revealed
that the most common pathology in children with AO was
hypertriglyceridemia (47.5%, x 2 = 9.784, p = 0.02, OR =
2.714, 95% CI 1.727-13.245), which was 2.9 times more
common than in the group with UO (15.9%). and the
frequency of low HDLC (45.0%, y2=5.788, p=0.01, OR=
3.182, 95%CIl 1.216-8.323), which was 2 times higher compared
to the group with a uniform type of obesity (20.4%). No
difference in the frequency of hypercholesterolemia and
HDLC was observed.

The average total cholesterol level in children with AO
showed a high statistical increase (4.5040.15 mmol/L)
compared to other groups (3.96240.15 mmol/L, P,<0,02 in the
UO group and 2.9440.06 mmol/L, P<0,001 in the control
group) despite the reference values in all three study groups.
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Table 1. Comparative analysis of the incidence of lipid metabolism pathology in the observation groups (n (%)

4001

nI:(Zo nI:j(:4 % P OR 95%ClI
Hypertriglyceremia 19 (47,5) 7 (15,9) 9,784 0,02 2,714 1,727-13,245
Hypercholesterolemia 9 (22,5) 8(18,1) 0,242 0,623 1,306 0,450-3,796
Low HDLC 18 (45,0) 9 (20,4) 5,788 0,017 3,182 1,216-8,323
High LDLC 7(17,5) 5(11,3) 0,644 0,423 1,655 0,480-5,705

Table 2. Average lipid metabolism indication in the observation groups (M=m)

o AO uo control group
Carbohydrate metabolism indicators
Y n=123 n= 88 n=104
Total cholesterol; mmol/I 4:5040,15 3,96:40,15 2,9440,06
’ P1<0,001; P,<0,02
1,0340,01 1,2140,02 1,3340,01
HDLC; mmol/l
P,<0,0001; P,<0,001 P,<0,0001
3,7940,08 3,3540),11 2,5840,03
LDLC; mmol/l
P1<0,001; P,<0,01 P,<0,0001
1,3840,04 1,1140,04
Triglycerides; mmol/l ' ' ' ' 0,7640,01
gy P,<0,002; P,<0,0001 P.<0,0001

Note: P* — compared to the control group; P2 — differences between the AO and UO groups.

The highest frequency of hypertriglyceridemia in children
with AO was accompanied by the highest average level of
TG in children of this group 1.3840.04 mmol/l, i.e. the level
of TG in children with visceral obesity exceeded the
recommended level of TG for diagnosing MS in children
according to the recommendations (IDF), as well as a high
level of TG for adolescents presented in NCEP (USA). At
the same time, in children with a uniform type of obesity, it
was statistically lower (1.1140.04 mmol/l, p<0,001).

In children with abdominal obesity, the level of HDLC
was significantly lower compared to children with the
uniform type and was 1.0320.01 mmol/I (1.2140.02 mmol/I
in children with UO, p<0,001 and 1.3340.01 mmol/I,
p<0,0001 in children in the control group).

In the study of the main carrier of endogenous cholesterol
in the blood, LDLC, it was revealed that its average level in
children with AO (3.7920.08 mmol/l) exceeded the
indicators of children with RO (3.3540.11 mmol/l, p<0,001 ),
which, according to the recommendations of the NCEP
(USA), is an indicator of high cardiovascular risk, and its
reduction, along with with a decrease in total cholesterol
leads to a reliable reduction in the risk of coronary heart
disease, as well as overall mortality and is the main strategy
for their prevention and treatment.

When conducting a comparative analysis of lipid metabolism
parameters in children with abdominal obesity depending on
age, it was found that the level of total cholesterol did not
have significant differences between age groups; the same
picture was observed in relation to LDL cholesterol, where
the lipid level was almost at the same borderline level in all
age groups of children.

Children aged 7-9 years had the lowest TG level (1.13+
0.10 mmol/l, p<0,01compared to the control and p<0,05
compared to the group with RO) and the highest HDLC

(1.1420.05 mmol/l, p<0,02 compared to the control and p<0,02
compared to the group with UO, which indicates a possible
compensatory mechanism in children of this age category,
with a decrease in this mechanism as the child grows older.

In children with a uniform type of obesity, no reliable
difference was observed between age groups, despite the
increase in the pathological level of all lipid metabolism
indicators. Only in relation to the level of triglycerides, the
increase of which is the main marker of cardiovascular risk, a
statistical difference was observed, while in children aged
7-9 years, the TG level was the lowest (0.89240.07 mmol/l).

When comparing the characteristics by gender, it was
found that boys with AO had statistically higher pathological
indicators for both HDLC (1.0240.01 mmol/l in boys and
1.0840.01 mmol/l in girls; p<0,02) and LDL C (3.9840.15
mmol/l in boys and 3.5240.13 mmol/l in girls; p<0,02) and
by triglyceride level (1.45#0.05 mmol/l in boys and
1.2640.04 mmol/l in girls; p<0,005).

It should be noted that no gender differences in the level of
lipid metabolism were found in the group with a uniform
type of obesity.

When determining the relationship between lipid
metabolism pathology depending on the progression of
obesity, it was found that in the group with an abdominal
type of obesity, a progressive decrease in HDLC was noted
with a disease duration of 2-3 years to 7 years or more (with a
disease duration of 2-3 years -1.1840.02 mmol/l, 4-6 years -
1.0940.02 mmol/l, 7 years and more 1.0240.01; p<0,001
compared to 2-3 years of experience), while the differences
were statistically significant. The same pattern was noted
in relation to the increase in the pathological level of TG
(with 2-3 years of experience -1.1440.08 mmol/l, 4-6 years
- 1.2740.11 mmol/l, 7 years and more 1.4840.06; p<0,01
compared to 2-3 years of experience).
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Table 3. Comparative characteristics of lipid metabolism indicators depending on gender in children of the compared groups

Carbohydrate metabolism indicators Groups Boys Girls P

AO 4,3740,15 4,3840,19
Total cholesterol; mmol/I 8[0) 3,9240,18 | 4,2720,21
Control group 3,0840,07 2,8140,12

AO 1,0240,01 1,0840,01 <0,02
HDLC; mmol/l uo 1,1640,03 1,2540,03
Control group 1,3340,01 1,3440,01

AO 3,9840,15 3,5240,13 <0,02
LDLC; mmol/l uo 3,4440,16 | 3,2720,17
Control group 2,6240,06 2,5640,08

AO 1,4540,05 1,2640,04 <0,005
Triglycerides; mmol/I §[0) 1,0940,06 1,1140,07
Control group 0,9540,14 0,8340,05

Note: AO, m=23, d=17; RO, m=24, d=20; Control group m=21, d=19, p - difference between boys and girls.

Table 4. Comparative analysis of the incidence of lipid metabolism pathology in children with NAFLD and obesity (n (%)

Frequency rates in Ch:\llcirlgrlll\;vith Chil?\lr':rll\lf_vghout o P
children with AO i Ay X
Hypertriglyceremia 16 (59,2) 3(23,0) 0,04 <0,05
Hypercholesterolemia 7 (25,9) 2 (15,4) 0,69 >0,05
Low HDLC 14 (48,1) 4(38,5) 0,31 >0,05
High LDLC 5(18,5) 2(15,4) 1,0 >0,05
Frequency rates in Chi’\lchErll\;vith Chilc’i\lr:r'l\ﬁvli)thout 2 p
children with PO 15 2 x
Hypertriglyceremia 5(33,3) 2(6,9) 0,03 <0,05
Hypercholesterolemia 4(26,7) 4(13,8) 0,41 >0,05
Low HDLC 6 (40) 3(10,3) 0,04 <0,05
High LDLC 3(20) 2(6,9) 0,32 >0,05

Note: 2* - Fisher's exact test

Table 5. Average lipid metabolism parameters in children with NAFLD and obesity (M=m)

AO Uvo
. . n=40 n= 44
Lipid metabolism - - - - -
indicators Children with Children Children Children without
NAFLD without with NAFLD NAFLD
n=27 NAFLD n=13 n=15 n=29
Total cholesterol; 4,674),18 4,414),16 4,1340,15 3,7540,17
mmol/Il P<0,02 P<0,02
HDLC: mmol/l 2’95323)11 1,0740,01 1,1240,02 1,2340,02
) <0, ;
P,<0,001 P<0,000 P,<0,001
71 1 11 2 14
LDLC: mmol/l 3,9840,05 3,7140,0 3,590, 3,284,
P<0,01 P<0,001
Triglvcerides: mmol/l 1,4340,04 1,3140,05 1,1940,04 1,0940,03
glycerices; P<0,0001 P<0,0001

Note: P — significance of differences between a similar subgroup of children with PO;
P1 — differences between children with NAFLD and without NAFLD.

The results of the study show that children with 7 years or  of comorbid pathology, i.e. a dependence of the degree of
more of experience had levels of HDLC (<1,0 mmol/l) and lipid metabolism disorder on the duration of the disease was
TG (>1.3 mmol/l) that are risk factors for the development noted.
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With a uniform type of obesity, a dependence of the level
of lipid metabolism indicators on the duration of the disease
was also noted, but there were no reliable differences
between the subgroups depending on the duration of the
disease, and in all groups, including those with a duration of
obesity of 7 years or more, lipid metabolism indicators were
included in reference value limits (total cholesterol -
4.6740.39 mmol/l; HDLC - 1.1140.03 mmol/l; LDLC -
3.8720.21 mmol/l; TG - 1.1620.12 mmol/l).

The diagnosis of NAFLD was made based on ultrasound
examination of the liver, which showed that 27 (67.5%)
children with AO and 15 (34.1%) children with uniform
obesity had an increase in the transverse size of the liver.
Diffuse increase in parenchyma echogenicity was detected in
28 (70.0%) children with abdominal obesity and 19 (43.1%)
children with uniform obesity.

It should be noted that NAFLD in children with obesity
had the form of a diffuse focal process in the form of the
simultaneous presence of various sized areas with changes
such as fatty degeneration and steatohepatitis against the
background of unchanged parenchyma. Thus, based on the
ultrasound examination of NAFLD was diagnosed in
children of both groups, and in the group with AO it was
significantly more frequent compared to the uniform type of
obesity (67.5% and 34.1%, respectively, x2=9.355, p=0,003,
OR=4.015, 95% CI 1.618-9.966). Thus, the chance of
detecting NAFLD in children with visceral obesity was 4.0
times higher compared to children with uniform obesity. Of
the total sample of children with exogenous-constitutional
obesity, the frequency of NAFLD was 50.0%. Of interest
was the analysis of the age composition of children with
NAFLD.

Thus, in children with abdominal obesity, the disease was
diagnosed in 16 of 19 (66.6%) children aged 10-15 years and
in all children aged 16-18 years (11 children (100%). In the
group of children with a uniform type of obesity, signs of
NAFLD were found in only 8 of 23 children (34.7%) aged
10-15 years, and 7 of 14 (50.0%) children aged 16-18 years.

The obtained data have an important prognostic value,
since the high frequency of NAFLD diagnosis in children
aged 10-15 years may indicate that pathological processes
in the liver begin at school age long before the clinical
manifestation of metabolic syndrome.

The gender distribution of NAFLD showed that there were
more boys with this disease than girls, and these indicators
concerned both children with the abdominal type and the
uniform type of obesity (18 boys out of 27 children (66.6%)
with AO and 9 boys out of 15 children (60.0%) with RO),
which is consistent with the data from literary sources,
indicating a predominance of males among patients with
NAFLD [19]. At the same time, the results showed a
predominance of this pathology in children with abdominal
obesity, which may be evidence of a relationship between the
development of NAFLD and abdominal obesity.

It is known that the main components of hepatocellular
lipids are TG, and the substrates for their synthesis are fatty
acids and glycerophosphate. In the case when the production
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of TG exceeds the synthesis of lipoproteins and their
secretion from the hepatocyte in the form of very low density
lipoprotein cholesterol, lipids accumulate in the hepatocyte,
which leads to the development of fatty hepatosis [20].
HDLC is also synthesized in the liver and, to a lesser extent,
in the mucosa of the small intestine and performs two important
functions: it is a source of apoproteins for chylomicrons and
very low density lipoprotein cholesterol and mediates reverse
cholesterol transport [21]. In this regard, it is of interest to
analyze the level of serum lipids depending on the state of
the liver.

We analyzed the frequency of diagnostics of lipid
metabolism pathology in children with obesity depending
on the pathology in the liver. Thus, an increase in the level
of triglycerides in children with NAFLD in the group of
children with AO was diagnosed more often (59.2%) than in
children without it (23.0%), which had a statistical difference
(x* = 0.04, p < 0.05). Also, all pathological changes in the
field of lipid metabolism were predominant in children with
NAFLD against the background of visceral obesity, while
confidence limits between frequency differences were not
identified.

In children with a uniform type of obesity, a predominance
of the frequency of lipid metabolism pathology in children
with NAFLD was also noted, while the difference in
frequencies with respect to an increase in triglyceride levels
(x* = 0.03, p< 0.05) and a decrease in HDLC (y’= 0.04, p <
0.05) was statistically significant.

Serum lipid levels were analyzed depending on the liver
condition. As can be seen from the presented Table No. 5,
statistically significant differences between the average lipid
levels of the studied subgroups were found in children in the
AO and RO groups.in relation to HDL-C, so in children with
NAFLD its lower value was noted compared to children
without NAFLD (p<0,001). In relation to other indicators,
statistically significant differences were not revealed, with a
more pathological level in children with NAFLD. Also, a
deeper pathology of lipid metabolism was noted in children
with AO and NAFLD compared to children with RO and
NAFLD (Table 5).

4. Conclusions

Thus, in children with obesity, lipid metabolism pathology
was more pronounced in children with visceral distribution
of adipose tissue, with the highest frequency of increased
blood triglycerides and decreased HDLC, with a predominance
of pathology in boys aged 16-18 years. It should be noted
that the presence of pathological levels of lipid metabolism,
which are an indicator of high cardiovascular risk in children
of this category.

Based on the data of the study conducted in children with
obesity, it was found that NAFLD is diagnosed in 50.0%
of children with exogenous-constitutional obesity, and in
67.5% of children with visceral obesity. Most often, fatty
infiltration of hepatocytes is detected in children aged 16-18
years with abdominal obesity (100%), However, according
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to our data, signs of NAFLD are also diagnosed in 1/3 of

children aged 10-15 years with a uniform type of fat distribution.

This fact allows us to conclude that the development of the
pathological process in the liver in children begins at school
age, long before the manifestation of obesity complications,
and NAFLD is not only one of the early clinical criteria of
complicated obesity in children, but also an important
etiopathogenetic factor in the development of the symptom
complex of metabolic syndrome in childhood.

The data obtained indicate that steatosis develops earlier
in obese boys than in girls and occurs against the background
of more pronounced lipid metabolism disorders. Structural
changes in the liver parenchyma in NAFLD are characterized
by the development of a diffuse-focal process with the
simultaneous presence of variously sized areas with changes
such as fatty degeneration and steatohepatitis against the
background of unchanged parenchyma.

All of the above indicates that children with obesity,
regardless of the form (abdominal type or uniform type),
require timely implementation of a set of diagnostic and
therapeutic and preventive measures aimed at identifying
disorders and improving the morphofunctional state of the
liver in order to reduce the risk of developing diseases of the
hepatobiliary system and metabolic-inflammatory progression
of hormonal-metabolic disorders.
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