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BACKGROUND: According to the involvement of oxidative stress in the pathogenesis of obesity, the plasma level of coen-
zyme q10 in the correlation relationship with lipid metabolism disorders and functional liver state is of interest to study.
AIM: Substantiation of approaches to the correction of lipid metabolism disorders and non-alcoholic fatty liver disease in chil-
dren with exogenous obesity based on the content of coenzyme Q10 and its relationship with lipid profile and liver enzymes.
MATERIALS AND METHODS: The single-center cross-sectional study enlisted the control (n=32, ‑1.0≤BMI SD score ≤+2.0) 
and obese (n=40, BMI SD score>+2.0) groups of children with the mean age of 12 yr. In all children BMI, lipidogram, liver 
enzymes (ALT and AST), plasma coenzyme Q10 and liver ultrasound examination were assessed.
RESULTS: Patients of both groups were comparable (p> 0.05) in age and gender. The level of coenzyme Q10 in the compared 
groups was comparable (p> 0.05) and did not differ in patients with different degrees of obesity. According to the results of 
the study of the lipid profile in the obese children, the level of HDL was lower, and the level of LDL was higher than that in 
control group. The highest value of HDL was obtained in the patients with the 1st degree of obesity and the highest level 
of triglycerides — in the patients with the 4th degree of obesity. The control group demonstrated moderate correlations 
between endogenous coenzyme Q10 and total cholesterol (r=0.474, p=0.009) which persists in patients with the first degree 
of obesity (r = 0.548, p = 0.035). There was no difference in AST in the study groups, however, the main group demonstrat-
ed elevated ALT and ALT/AST ratio (p <0.001). The highest ALT and ALT / AST ratio were observed in patients with greatest 
degree of obesity. Eighteen obese children (45%) had ALT / AST ratio ≥1 (in the control group –one patient (3%) (p <0.001), 
while fourteen patients showed liver enlargement and structure change according to ultrasound (80%). The control group 
demonstrated moderate correlations between endogenous coenzyme Q10 and total cholesterol (r=0.474, p=0.009) and be-
tween coenzyme Q10 and ALT / AST ratio (r=0.412, p=0.023) . In the obese group there was correlation between AI and ALT 
/ AST (r = 0.436, p = 0.006) and in patients with the 1st degree of obesity — between also coenzyme Q10 and ALT (r = 0.875, 
p <0.001).
CONCLUSION: The disturbances in adequate control of cholesterol by coenzyme Q10 in obese children possibly confirming 
the involvement of oxidative stress in the pathogenesis of dyslipidemia and non-alcoholic fatty liver disease can serve as 
indication to use coenzyme Q10 in order to correct these complications.
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ОБОСНОВАНИЕ ПОДХОДОВ К КОРРЕКЦИИ НАРУШЕНИЙ ЛИПИДНОГО ОБМЕНА 
И НЕАЛКОГОЛЬНОЙ ЖИРОВОЙ БОЛЕЗНИ ПЕЧЕНИ У ДЕТЕЙ С ЭКЗОГЕННО-
КОНСТИТУЦИОНАЛЬНЫМ ОЖИРЕНИЕМ
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Обоснование. Учитывая участие окислительного стресса в патогенезе ожирения, представляет интерес исследова-
ние плазменного уровня коэнзима Q10 в корреляционной взаимосвязи с изменениями биохимических показателей, 
характеризующих нарушения липидного обмена и функционального состояния печени.
Цель. Исследовать содержание коэнзима Q10 и его взаимосвязь с показателями липидограммы и печеночных фер-
ментов у детей с экзогенно-конституциональным ожирением.
Материалы и методы. В одноцентровое одномоментное исследование были включены дети (средний возраст 
12 лет) 2 групп: основной (n=40; SD индекса массы тела (ИМТ) >+2,0) и контрольной (n=32; -1,0≤SD ИМТ≤+1,0). У всех 
детей оценивали SD ИМТ, УЗИ печени, липидограмму, ферменты печени (аланинаминотрансферазу (АЛТ), аспартата-
минотрансферазу (АСТ)), плазменный уровень коэнзима Q10.
Результаты. Уровни коэнзима Q10 в сравниваемых группах были сопоставимы (p>0,05) и не отличались у пациен-
тов с различной степенью ожирения. У пациентов основной группы уровень липопротеидов высокой плотности был 
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ниже, а уровень липопротеидов низкой плотности — выше показателей группы контроля. Самые высокие показа-
тели липопротеидов высокой плотности были у пациентов с 1-й степенью ожирения, а триглицеридов — у пациен-
тов с 4-й степенью ожирения. Повышенный уровень холестерина чаще отмечался у детей основной группы (8 (20%); 
р=0,037). 15 (37,5%) пациентов основной группы имели дислипидемию (р<0,001). В контрольной группе установлена 
прямая взаимосвязь уровня коэнзима Q10 и общего холестерина (r=0,474; р=0,009), в основной группе подобная вза-
имосвязь отмечалась только у пациентов с 1-й степенью ожирения (r=0,548; р=0,035).
Показатели АСТ в обследуемых группах не различались, однако уровни АЛТ и соотношения АЛТ/АСТ были выше у па-
циентов основной группы (p<0,001). При этом самые высокие показатели АЛТ и соотношения АЛТ/АСТ отмечались 
у пациентов с 4-й степенью ожирения. У 18 (45%) детей основной группы отношение АЛТ/АСТ было ≥1 (p<0,001), при 
этом у 14 (80%) из них по данным УЗИ печени отмечалось увеличение обеих долей и изменение ее структуры. В кон-
трольной группе установлена прямая взаимосвязь уровня коэнзима Q10 и отношения АЛТ/АСТ (r=0,412; р=0,023), 
в основной группе — индекса атерогенности и АЛТ/АСТ (r=0,436; р=0,006), а у пациентов с 1-й степенью ожирения 
также коэнзима Q10 и АЛТ (r=0,875; р<0,001).
Заключение. Нарушение адекватного обеспечения холестерина коэнзимом Q10 у детей с экзогенно-конституцио-
нальным ожирением отражает патогенетическую роль окислительного стресса в развитии дислипидемий и неалко-
гольной жировой болезни печени и может служить показанием для назначения препаратов коэнзима Q10 с целью 
коррекции данных осложнений.

КЛЮЧЕВЫЕ СЛОВА: ожирение; дети; коэнзим Q10; дислипидемия; неалкогольная жировая болезнь печени.

BACKGROUND

In the 2000s, a number of age-related ‘old man’s somat-
ic diseases’ were increasingly occurring in  young adults. 
The reasons were the aggravating effects of such factors as 
physical inactivity, sedentary behavior, unhealthy diet, and 
repetitive stress leading to dysfunctions of cardiovascu-
lar, endocrine, respiratory, and alimentary systems as well 
to psychological deviations. One of manifestations of this 
trend is the growing rate of obesity incidence in young 
adults [1]. According to WHO data, about 340 million chil-
dren and adolescents aging 5 to 19 yr had obesity and over-
weight in 2016, while approximately one million children 
aging below 5 yr had the same problems in 2019 [2,3].

The obese children and adolescents should be carefully 
followed-up due to enhanced risk of metabolic syndrome 
and chronic diseases in adulthood [4].

The early diagnostics of such complications in obese 
children as dyslipidemia and NAFLD needs additional cri-
teria to substantiate the timely measures to correct these 
pathologies [5,6]. Remembering implication of oxidative 
stress in obesity pathogenesis, it is instructive to examine 
the plasma level of coenzyme Q10 and its correlation with 
biochemical indices characterizing the disturbances in lipid 
metabolism and functional state of the liver [7].

AIM OF THE STUDY

The study focused on the plasma level coenzyme Q10 
and its correlation with lipid profile and the levels of liver 
enzymes in children with exogenous constitutional obesity.

MATERIALS AND METHODS

Research placement and research period
Research placement
The study enlisted the hospitalized patients examined 

in Pediatric Department N 1 of Smolensk Regional Children’s 
Hospital.

Research period
December 2018 – June 2019. 

Groups of patients
Control group: children with normal body weight. 
Obese group: children with exogenous constitutional 

obesity.
In control group, the inclusion criteria were 1) age 

of 7-15 yr and 2) normal body weight.
In obese group, the inclusion criteria were 1) age 

of 7-15 yr and 2) exogenous constitutional obesity of 1-4 de-
gree (BMI  SD score>+2.0). In both groups, the exclusion 
criteria were: 1) established diagnosis of type 2 diabetes; 
2)  inflammatory and/or autoimmune liver diseases; and 
3) intake of medications.

Mode of sample formation of examined group (or several 
samples of the examined groups).
Unselected sampling

Research design
The comparative single-center cross-sectional interven-

tional two-sample study.

Medical procedures in the interventional examinations
The following data were harvested from all the patients:

1.	 the anthropometric parameters: height and body weight;
2.	 the blood biochemical profile: total cholesterol, triglycerides 

(TG), LDL, HDL, and the liver enzymes ALT and AST;
3.	 the plasma level of ubiquinone (endogenous antioxidant 

СоQ10);
4.	 US of the liver;
5.	 the atherogenic index (AI) calculated as (total cholesterol 

[mM] – HDL [mM])/HDL [mM].
The height was determined with a standard stadiometer 

to within 0.5 cm, while the body weight was measured with 
bathroom scales to within 0.1 kg.

To determine the liver enzymes and biochemical indices 
of lipid metabolism, the blood was drawn in the morning 
under fasting conditions

To assay for СоQ10, the blood (1.5 ml) was similarly 
drawn into tubes supplemented with heparin. The blood 
plasma was separated by centrifugation and stored at ‑20oC 
prior to examination.
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Methods
The routine clinical data included the anthropometric 

parameter BMI SD score (the number of standard deviations 
around the mean BMI for a given age and sex). The diagnos-
tic criterion of obesity was BMI SD>+2.0 [8].

The plasma level of СоQ10 was determined with validat-
ed assay based on HPLC and electrochemical detection employ-
ing the equipment of Environmental Sciences Associate (USA). 
Sampling and processing of the chromatographic data were 
performed with the software of the same firm. The lower 
limit of СoQ10 assay was 0.25 µg/ml [9]. The reference values 
of СoQ10 level were 0.4–1.0 nM/l.

The blood biochemical profile, which was obtained 
on automated IndikohermoScientific system, included 
the total cholesterol, TG, LDL, HDL, ALT, and AST. The athero-
genic index (AI) was calculated as (total cholesterol [mM] – 
HDL [mM])/HDL [mM].

Dyslipidemia was established if two or more parameters 
were higher or lower than the normal values [8].

US of the liver was carried out on a Philips EPIQ 7 system. 
NAFLD was diagnosed in patients with hepatomegaly, het-
erogeneous hepatic parenchyma, and depletion of vascular 
pattern revealed by Doppler color mapping [8].

To assess the effect of obesity degree on СoQ10 level, 
lipid profile, and the liver enzymes, the patients in obese 
group were subdivided into 4 subgroups according to de-
grees 1-4 of obesity.

To examine the correlation between СoQ10 level and 
the lipid profile, the obese patients were further subdivided 
into 2 groups with and without dyslipidemia. 

To assess correlation between СoQ10 level and the liv-
er enzymes, the obese patients were also subdivided into 
2 groups with ALT/AST≥1 and ALT/AST<1.

Statistical analysis
The results were statistically processed using Statistica 

7.0 (StatSoft) software. Since most indices were distributed 
abnormally, the data were analyzed with non-parametrical 

tests. The quantitative data are presented as Me [Q1-Q3], 
while the qualitative ones are given as the absolute val-
ues (n) and/or incidence (%). Multiple comparison analysis 
of the quantitative data for 3 or more samples was per-
formed with Kruskal—Wallis H-test and Bonferroni correc-
tion. The paired data were compared with Mann-Whitney 
U-test. The qualitative parameters were compared with Fish-
er’s exact test at p<0.05. Correlation between two param-
eters was assessed with Spearman’s rank-order correlation 
coefficient.

Research ethics expertise
The study was approved by the Ethical Committee of Smo-

lensk State Medical University (Protocol No. 17, November 25, 
2017). All patients gave a written informed consent for a re-
search study and for personal data processing.

RESULTS

A total of 72 patients were examined and divided into 
obese group with exogenous constitutional obesity (n=40) 
and the control one with normal body weight (n=32). In both 
groups, the patients were matched by age [correspondingly, 
12.0 yr (8.0–15.0) and 12.0 yr (7.0–15.0)] and sex (respective-
ly, m/w 25/15 and 20/12).

The biochemical data are summarized in Table 1. In each 
group, the obtained parameters did not differ between boys 
and girls, which made it possible to compare the groups 
without gender corrections.

In control and obese groups, the СoQ10 levels were sim-
ilar (p>0.05); they also did not significantly differ in the sub-
groups of obese patients with various degrees of obesity 
(Table 2). Increased СoQ10 levels were observed in 6 (15%) 
patients of obese group and in 4 (12.5%) control one. De-
creased СoQ10 was revealed in 5 (12.5%) obese patients and 
in 5 (15.6%) controls.

In obese patients, HDL were lower and LDL were high-
er in comparison with the control values (Table 1), which 
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Table 1. Blood biochemical parameters (Me [Q1-Q3])

Parameter Obese group (n=40) Control group (n=32) p

СoQ10 (µg/ml) 0.8 (0.2–1.8) 0.7 (0.2–1.5) >0.05

Total cholesterol (mM) 4.35 (2.90–7.60) 4.30 (3.50–5.60) >0.05

HDL (mM) 1.3 (0.7–2.9) 1.7 (0.9–2.5) 0.008

LDL (mM) 2.9 (1.5–6.1) 2.6 (1.8–3.9) 0.048

TG (mM) 1.06 (0.43–3.91) 0.97 (0.46–1.78) >0.05

AI 2.5 (0.6–8.2) 1.7 (0.7–3.8) <0.001

ALT (U/l) 26.0 (11.0–82.0) 16.0 (7.0–25.0) <0.001

AST (U/l) 25.0 (15.0–49.0) 26.0 (14.0–52.0) >0.05

ALT/AST ratio 1.0 (0.5–1.6) 0.6 (0.3–1.1) <0,001

Note. СoQ10, coenzyme Q10; HDL, high-density lipoproteins; LDL, low-density lipoproteins; TG, triglycerides; AI, atherogenic index; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase.
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explains the higher AI in the obese group. In obese patients 
with various degrees of obesity, the HDL levels were differ-
ent, the highest values were observed in patients with obe-
sity degree I. Similar variety was also observed in TG levels, 
which were the greatest in patients with obesity degree IV 
(Table 2).

In control and obese groups, the levels of total cho-
lesterol did not differ significantly. However, an enhanced 
cholesterol was more frequently documented in obese 
children than in the control ones (correspondingly, 
in 8 (20 %) and 1 (3%) patients, р=0.037). Moreover, 15 
(37.5%) obese patients had dyslipidemia vs one patient 
in the control group (3%, р<0.001). However, СoQ10 lev-

el in these patients [0.81 (0.52–0.86)] did not significantly 
differ from that observed in patients without dyslipid-
emia [0.72 (0.46–0.91)].

In the control group, there was correlation between 
СoQ10 and total cholesterol (r=0.474, р=0.009), but 
in the obese group similar correlation was established only 
in the subgroup of patients with obesity degree I (r=0.548, 
р=0.035, Fig. 1).

There were no significant difference in AST between 
both groups, although ALT level and ALT/AST ratio were sig-
nificantly higher in obese patients (p<0.001, Table 1). At this, 
the greatest values of ALT and ALT/AST were observed in pa-
tients with obesity degree IV (Table 2).

Fig. 1. Correlation between СоQ10 and total cholesterol in the control group. 
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Table 2. Biochemical blood parameters in obese group with different degrees of obesity (Me [Q1-Q3])

Parameter Degree I (n=8) Degree II (n=16) Degree III (n=12) Degree IV (n=4) p

СoQ10 (µg/ml) 0.48 (0.42–0.82) 0.6 (0.71–0.87) 0.66 (0.46–0.77) 0.89 (0.55–1.23) >0.05

Total cholesterol (mM) 4.80 (4.00–5.45) 4.20 (4.10–4.76) 4.65 (3.80–4.98) 4.05 (4.02–5.20) >0.05

HDL (mM) 1.78 (1.54–1.84) 1.16 (0.96–1.37) 1.29 (1.06–1.59) 0.88 (0.83–1.11) 0.001

LDL (mM) 2.84 (2.06–3.46) 2.95 (2.65–3.31) 2.94 (2.28–3.32) 2.64 (2.50–3.70) >0.05

TG (mM) 1.01 (0.67–1.29) 1.00 (0.71–1.22) 1.05 (0.89–1.16) 1.70 (1.46–2.34) 0.023

AI 1.92 (1.27–2.71) 2.68 (2.05–3.67) 2.43 (1.85–2.67) 3.44 (2.68–4.84) 0.087

ALT (U/l) 26.0 (15.0–27.3) 30.0 (17.5–37.5) 23.5 (14.8–27.8) 37.0 (31.8–44.0) 0.001

AST (U/l) 26.5 (21.3–33.0) 25.0 (18.5–46.5) 24.0 (21.8–27.0) 29.0 (23.0–30.5) >0.05

ALT/AST ratio 0.84 (0.80–0.93) 0.97 (0.8–1.35) 0.94 (0.7–1.10) 1.52 (1.42–1.56) 0.016

Note. СoQ10, coenzyme Q10; HDL, high-density lipoproteins; LDL, low-density lipoproteins; TG, triglycerides; AI, atherogenic index; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase.

r=0.474
p=0.009
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In 18 obese patients (45%) ALT/AST was ≥1. In con-
trol group, such ratio was observed only in one patient 
(3%, p<0.001). At this, in 14% obese patients (80%) US re-
vealed increased hepatic lobes and the altered structure 
of the liver. 

In control group, there was a positive correlation be-
tween plasma СoQ10 and ALT/AST ratio (r=0.412, р=0.023, 
Fig. 2). In obese group, similar correlation was established 
between AI and ALT/AST (r=0.436, р=0.006, Fig. 3). The pa-
tients with obesity degree I demonstrated a strong correla-
tion between СoQ10 and ALT (r=0.875, р<0.001).

DISCUSSION

Sampling representation
The patients were sampled in Smolensk Regional Children’s 

Clinical Hospital (Smolensk, Russia) according to the case-con-
trol criterion. Prior to the study, sample size was not assessed.

Collation with other reports
One of pathological elements of obesity manifested 

by chronic inflammation is oxidative stress [7]. Numer-
ous clinical studies of obese patients revealed down-

Fig. 2. Correlation between СоQ10 and ALT/AST ratio in the control group. 

Fig. 3. Correlation between AI and ALT/AST ratio in obese group.
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regulated activities of antioxidant enzymes (SOD and 
glutathione peroxidase) in parallel with a decrease 
of total antioxidant status of blood plasma as well as 
with positive correlations between the levels of these 
oxidative stress markers and BMI [10-12]. Remembering 
the most important role of СoQ10 in the work of mito-
chondrial respiratory chain and its implication in the an-
tioxidant function, attention of the researches to this 
agent becomes apparent [13,14].

Our study, which predominantly focused on the chil-
dren with obesity degrees II and III, did not reveal signif-
icant deviation of plasma СoQ10 level from the control 
one. The literature reports the controversial data on re-
lationship between obesity and plasma СoQ10. Actually, 
A. Gvozdjakova and coauthors observed a drop in total 
plasma СoQ10 correspondingly in 51 and 59% boys and 
girls aging 10-18 yr and characterized with predominant-
ly moderate obesity as well as with enhanced total cho-
lesterol [14]. Examination of obese children of the same 
ages revealed elevated total cholesterol and LDL but 
decreased plasma СoQ10 level [15]. However, the study 
of T. Menke and coworkers did not reveal the changes 
in СoQ10/cholesterol ratio in children aging 10-13 yr, 
which were characterized with moderate obesity and en-
hanced plasma cholesterol [16].

It is a common knowledge that blood plasma cho-
lesterol is the major carrier of СoQ10, while СoQ10 is 
the most important component of its antioxidant pro-
tection [13]. Here, in the obese examinees, the positive 
correlation between СoQ10 and total cholesterol was 
observed only in patients with obesity degree I, which 
was also revealed in the control group. In contrast, such 
correlation was not observed in obese patients with obe-
sity degrees II-IV. In these patients, the established distur-
bance in adequate supplement of cholesterol with СoQ10 
can result from a down-regulated level of this enzyme 
in the liver against the background inflammation; it also 
can be a factor leading to dyslipidemia observed in these 
children. According to the data of A. Gvozdjakova and co-
workers, progress of obesity in children is accompanied 
with further elevation of cholesterol and diminished plas-
ma СoQ10 [14].

According to modern pathogenetic views, obesity is con-
sequential to inflammation in fat tissue tending to spread 
also into hepatocytes followed by the development 
of complications manifested by NAFLD. At this, ALT/AST ≥1 
is viewed as one of NAFLD criteria [17-19].

Here, the obese children demonstrated a significant 
2-fold elevation of ALT (within the limits of reference levels) 
and ALT/AST ratio. In this group, elevation of ALT/AST ratio 
correlated with the symptoms of dyslipidemia reflecting 
the relationship between inflammatory alterations in he-
patocytes and enhanced intensity of oxidative processes. 
Based on subcellular histological alterations in the liver 
manifested by accumulation of fatty acids in hepatocytes 
as well as by oxidation of phospholipids in plasmalemma 
and mitochondrial membranes, some researchers consid-
er NAFLD as a ‘mitochondrial disease’ [20]. The review of K. 
Botham and coauthors analyzes numerous clinical and ex-
perimental studies of NAFLD and reports the controversial 
data on the changes of СoQ10 level, which either enhanced 
or decreased in blood plasma and hepatic tissue, probably 

reflecting various stages of some pathological process 
in the liver and a gradual drop of stored СoQ10 [21]. Our 
study revealed correlation between ALT/AST ratio and plas-
ma СoQ10 in the control children as well as the absence 
of such correlation in obese patients, although children 
with obesity degree I demonstrated a positive correlation 
between СoQ10 and ALT. In obese patients, the disbalance 
between ALT/AST ratio and СoQ10 level can result from di-
verse changes in plasma ALT and СoQ10 due to a patholog-
ical process in the liver, which elevates the content of liver 
enzymes in blood plasma and depletes the stored СoQ10 
due to down-regulated synthesis of this endogenous anti-
oxidant.

Limitations of the study
The limitations result from a small sample of the obese 

patients, especially those with obesity degrees I and IV.

Directions of further studies
Future studies will continue examination of the effective-

ness of therapeutic application of СoQ10 to correct dyslipid-
emia in obese children.

CONCLUSIONS

Examination of children with exogenous constitution-
al obesity revealed disturbances of lipid metabolism and 
the changes in activity of the liver enzymes, which augment-
ed progressively with obesity degree.

The control children without obesity demonstrated posi-
tive correlations between СoQ10 level on the one hand, and 
total cholesterol as well as ALT/AST ratio, on the other hand. 
Such correlations were also observed in children with obesi-
ty degree I, but they disappeared as the disease progressed.

Thus, inadequate supplement of cholesterol with СoQ10 
observed in children with exogenous constitutional obesity 
reflects the pathogenetic role of oxidative stress in the de-
velopment of dyslipidemias as well as NAFLD and can be 
an indication to prescribe the СoQ10 preparations to treat 
these diseases. 
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