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children from the USA [9], Argentina [19],
China [5] and ltaly [9]. It should be not-
ed that the average age in this sample
was 10.62 years. This fact explains why
in our study, scores on the PDSS scale
are slightly lower than in studies on the
drowsiness of Brazilian [10] or Argentine-
an children [4].

Conclusion. We have shown that
the age of the child affects the level of
daytime sleepiness, which, in turn, cor-
responds to the level of sexual develop-
ment. Consequently, older children must
sleep more than younger children in or-
der to achieve the same level of alertness
and cognitive ability. Thus, children com-
pensate for lack of sleep during the next
day due to daytime sleep.

Acknowledgements. This work was
supported by budget topics (No. 0218-
2019-0077), (No. 0218-2019-0073),
(No. 0226-2019-0064), (No. 0186-2019-
0009). Also, the work was supported by a
grant from the Expert Council of the Au-
tonomous Non-Commercial Organization
(Arctic Project Development Office).

The research was carried out using
the equipment of the Core Facility of the
Karelian Research Center of the Russian
Academy of Sciences.

References

1. Monyakros M.I",, MyenuHa IN.B. CoH y geteit
oT chusnonorum Kk natonormn. MeguUMHCKWIN CoBeT.
2017; Ne9: 97-102. [Poluektov MG, Pchelina PV
Sleep in children from physiology to pathology.
Medical Council. 2017; V. 9: 97-102. (In Russ.)]

2. Roenneberg T, Kuehnle T, Juda M et al. A
marker for the end of adolescence. Epidemiology
of Human Circadian ClockSleep Med Rev. 2007;
11 (6): 429-38.

3. Roenneberg T, Kuehnle T, Pramstaller PP
et al. A marker for the end of adolescence. Cur-
rent Biology. 2004; 14:1038-1039.

4. Perez-Lloret S, Videla AJ, Richaudeau A et
al. A multi-step pathway connecting short sleep
duration to daytime somnolence, reduced atten-
tion, and poor academic performance: an explor-
atory cross-sectional study in teenagers. J Clin
Sleep Med. 2012; 9: 469-473.

5. Gau SS-F, Shang C-Y, Merikangas KR et al.
Association between morningness-eveningness
and behavioral / emotional problems among ado-
lescents. Journal of Biological Rhythms. 2007;
22:268-274.

6. Carskadon MA, Acebo C, Jenni OG. Regu-
lation of adolescent sleep: implications for behav-
ior. Ann N Y Acad Sci.. 2004; 1021: 276-91.

7. Randazzo AC, Muehlbach MJ, Schweitzer
PK, Walsh JK. Cognitive function following acute
sleep restriction in children ages 10-14. Sleep.
1998; 6 (21): 861— 865.

8. Maganti R, Hausman N, Koehn M et al. Ex-
cessive daytime sleepiness and sleep complaints
among children with epilepsy. Epilepsy Behav.
2006; 8 (1): 272-277.

9. Esposito M, Antinolfi L, Gallai B et al. Ex-
ecutive dysfunction in children affected by ob-
structive sleep apnea syndrome: an observational
study. Neuropsychiatr Dis Treat. 2013; 9: 1087-
1094. doi: 10.2147 / NDT.S47287.

10. Ferrari Junior GJ, Drake CL, Barbosa DG
et al. Factor structure of the Brazilian version of
Pediatric Daytime Sleepiness Scale. Chronobiol-
ogy Int. 2018; 35 (8): 1088-1094.

11. Feinberg |, Campbell |G Sleep EEG
changes during adolescence: an index of funda-
mental brain reorganization. Brain Cogn. 2010; 72
(1): 56-65. doi: 10.1016 / j.bandc.2009.09.09.008.

12. Komada Y, Bregelmans K. Social jetlag
affects subjective daytime sleepiness in school-
aged children and adolescents: A study using the

SCIENTIFIC REVIEWS AND LECTURES

DOI 10.25789/YMJ.2019.67.27

Japanese version of the Pediatric Daytime Sleep-
iness Scale (PDSS-J). Chronobiology Int. 2016;
33:1311-1319.

13. Pereira EF, Teixeira CS, Louzada FM.
Sonoléncia diurna excessiva em adolescentes:
Prevaléncia e fatores associados. Rev. Paul Pe-
diatr. 2010; 28 (1): 98-103.

14. Randler C, Kolomeichuk SN, Morozov AV
et al. Psychometric characterization of the Rus-
sian version of the Pediatric Daytime Sleepiness
Scale (PDSS). Heliyon. 2019; 5 (7): €02134. doi:
10.1016/j.heliyon.2019.e02134

15. Bektas M, Bektas |, Ayar D et al. Psycho-
metric properties of Turkish version of Pediatric
Daytime Sleepiness Scale (PDSS-T). Asian Nurs
Res. (Korean SocNurs Sci.). 2016; 10 (1): 62-67.

16. Randler C, Frech D. Correlation between
morningness—eveningness and final school leav-
ing exams. Biol. Rhythm Res. 2006; 37: 233-239.

17. Rhie S, Lee S, Chae KY. Sleep patterns
and school performance of Korean adolescents
assessed using a Korean version of the pediatric
daytime sleepiness scale. Korean J Pediatr. 2011;
54 (1): 29-35.

18. Roenneberg T, Merrow M. Entrainment
of the human circadian clock. Cold Spring Harb.
Symp. Quant. Biol. 2007; 72: 293-299.

19. Perez-Chada D, Perez-Lloret S, Videla
AJ et al. Sleep disordered breathing and daytime
sleepiness are associated with poor academic
performance in teenagers. A study using the Pe-
diatric Daytime Sleepiness Scale (PDSS). Sleep.
2007; 30: P. 1698-1703.

20. Gibson ES, Powles AC, Thabane L et al.
“Sleepiness” is serious in adolescence: two sur-
veys of 3235 Canadian students. BMC Public
Health. 2006; 6: 116.

21. Drake C, Nickel C, Burduvali E et al. The
pediatric daytime sleepiness scale (PDSS): sleep
habits and school outcomes in middle-school chil-
dren. Sleep. 2003; 26 (455): 8.

22. Felden EP, Carniel JD, Andrade RD et
al. Tradugdo e validacdo da Pediatric Daytime
Sleepiness Scale (PDSS) para o portugués do
Brasil. J Pediatr (Rio J). 2016; 92: 168—-173.

E.R. Boyko, A.M. Kaneva

INDICES OF LIPID METABOLISM FOR THE
EARLY DIAGNOSIS OF CARDIOVASCULAR
DISEASE IN RESIDENTS OF THE NORTH

BOJKO Evgeny Rafailovich — Doctor of
Medical Sciences, Professor; Head of IPh
Komi SC UB RAS, FRC Komi SC UB RAS;
e-mail: boiko60@inbox.ru; tel. +7-8212-24-
14-74; ORCID ID: 0000-0002-8027-898X.
KANEVA Anastasiya Mikhailovha — Doctor
in Biological Sciences; Senior Researcher of
environmental and medical physiology depart-
ment of IPh Komi SC UB RAS, FRC Komi SC
UB RAS; tel. +7-8212-24-14-74; ORCID ID:
0000-0002-7789-4300.

Cardiovascular disease is one of the leading causes of morbidity and mortality among the
adult population. In Russia, over a million people (around 700 people out of each 100 thousand
population) die each year from cardiovascular diseases. The high prevalence of cardiovascular
disease is observed in people living in the North, whose severe climatic conditions produce
increased demands for a human body. Northern climatic factors lead to significant changes in
human’s physiological functions based on modified functional condition of the endocrine sys-
tem, metabolic processes, and lipid metabolism in particular. According to L.E. Panin’s concept
(1978), in high-latitude regions we can observe “the changeover from carbohydrate-type metab-
olism to the lipid one”. This concept states transformation of the lipid profile in residents of the
North caused by a number of external factors frequently leading to changes in metabolic path-
ways and abnormalities in lipid metabolism. Adequate assessment and correct interpretation of
lipid metabolism variables are of major importance for early detection and timely prevention of
cardiovascular pathology. The review considers key lipid metabolism indices. We also present
our own data about the role of compound indices in lipid metabolism assessment in healthy

inhabitants of the North.

Keywords: lipid metabolism, adaptation, North, cardiovascular disease, apolipoproteins.




The issues related to preservation of
health in the North are of great medical
and social significance. The process of
human adaptation to adverse northern
factors is aimed at maintenance of stable
functioning of various systems separately
and of a human body as a whole to en-
sure normal vital activities under inade-
quate environmental conditions. Trans-
formation of energy metabolism through
changeover of all types of metabolism (of
lipids, proteins, carbohydrates, vitamins,
macro and microelements) plays an im-
portant role in the complex sequence of
adaptive changes [6, 28, 32]. According
to the member of the Academy of Scienc-
es L.E. Panin [27, 28], the northerners
develop a peculiar type of metabolism
— the so-called “polar metabolic type”
characterized by decreased role of car-
bohydrates and increased role of the
proteins and lipids in energy metabolism.
The increased significance of lipids in
the energy metabolism of a human body
finds its reflection in the changed lipid
profile of blood [2, 4, 6, 13, 28]. Within
L.E. Panin’s concept, we suggest the
term “adaptive polar metabolic type” as
a special type of metabolism typical for
the adapted population of the North, in-
cluding the indigenous residents of the
Far North. Development of this “adaptive
polar metabolic type” includes forming of
a peculiar hormone profile and metabo-
lism ensuring comfortable living in the
Far North conditions in particular. For in-
habitants of the North, if compared to res-
idents of middle latitudes, such adaptive
changes are related to the transformed
metabolism, which is preconditioned by
more active basal metabolic rate in par-
ticular seasons of year and more short-
term reactions connected with some en-
vironmental factors of the North [6].

At present time, ideas of the regulari-
ties of adaptive processes in residents of
the North are based both on the studies of
transformation mechanisms of physiolog-
ical functions and biochemical processes
in migrants, and on detection of mor-
phofunctional features in the indigenous
populations for which the subextreme
and extreme conditions of the northern
regions can be considered adequate.
The analysis of the literature on metabo-
lism in non-native residents of the North
demonstrated that data on their lipid me-
tabolism transformation are quite various
and often contradictory, which is proba-
bly related to the fact that most studies
were carried out on migrants of the North
found at different stages of the adapta-
tion [1, 6, 21, 28, 31, 35]. According V.P.
Kaznacheyev’s classification [13], in the
process of a person’s adaptation to the

Northern environment one can observe a
phase of regulatory and homeostatic pro-
cesses destabilization (from 6 months to
over 1 year long), a phase of regulatory
and homeostatic processes stabilization
and synchronization (10-15 years long)
and a phase of lowered resistance of
one’s body. It is considered that the stage
of resistance in residents of the North is
explained by efficient changeover from
carbohydrate metabolism to the lipid one.
Such lipid metabolism transformations
occurring throughout the “polar metabolic
type” development are to be accompa-
nied by lipoprotein spectrum shifting to-
wards an increase in the number of high
density lipoproteins (HDL). However,
multiple studies showed that migrants of
the North do not develop an optimal meta-
bolic background as a rule. Contrariwise,
they develop “northern dyslipidemia”
which is reflected as increased athero-
genic lipid fractions in blood [8, 12, 30].

Metabolism with predominantly pro-
tein-lipid metabolism (“arctic adaptive
type”) is observed in the indigenous pop-
ulations of the North. Descendants of
several generations of migrants who had
been adapting to the northern environ-
ment for centuries possess similar ability
to switch to the northern type of metab-
olism. For the indigenous populations of
the North, the change of energy metab-
olism from the carbohydrate type to the
lipid one comes on account of exoge-
nous fats, i.e. food lipids [26]. In general,
the basal metabolic rate in the northern
aborigines is higher than the one in the
residents of the middle latitudes [32].
The protein-fatty diet in the northerners
implies primarily the use of lipids as the
most energy intensive utilizable materi-
al and is accompanied by the increased
activity of lipolytic enzymes and activated
lipid mobilizing processes [26, 35].

The indigenous inhabitants of the
North following the traditional lifestyle
and diet with their “polar” metabolic type
demonstrate more favourable lipid me-
tabolism profiles with regard to the risk of
development of a cardiovascular disease
than the non-native populations of the
North. The indigenous residents of the
North (Evenki Autonomous Area, Yakutia,
Amur River Region, Khanty-Mansi Auton-
omous Area, Yamal-Nenets Autonomous
Area) have lower total cholesterol (TC)
levels and its atherogenic fractions and
higher levels of HDL cholesterol (HDL-C)
in blood serum than migrants of the North
[10, 11, 21-23, 25, 31].

However, social and economic chang-
es of the recent decades, the inflow of
migrants and urbanization have affected
the traditional lifestyle and diet in the in-
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digenous inhabitants, which has resulted
in disturbed adaptive processes followed
by increased morbidity. In addition, the in-
digenous populations of the North suffer
adverse metabolic changes with inten-
sified carbohydrate metabolism and in-
creased atherogenic lipid levels in blood
more frequently now [3, 9, 18-20, 33].

Atherogenic disorders of lipid metab-
olism play a major role in the pathogenic
mechanism of atherosclerosis [17, 47].
At present time, atherosclerosis is one
of the most relevant and important health
problems. Atherosclerosis mostly affects
aorta, arteries of heart, brain, lower limbs
and kidneys. Therefore, coronary dis-
ease, myocardial infarction, aortic aneu-
rism rupture, ishemic and haemorrhagic
stroke are among top causes of death.
In this connection, diagnostics and pre-
vention of lipid metabolism disorders are
some of the most significant tasks of to-
day’s medicine.

Currently, much attention is paid to
studying the role of apolipoproteins in a
human’s lipid metabolism. It is believed
that the analysis of the level of apolipo-
proteins in health and lipid metabolism
disorders doubtlessly bring certain ben-
efits, as it allows to identify accurately
features and defects of lipoprotein me-
tabolism. Apolipoproteins were discov-
ered more than 40 years ago. Over 10
apoproteins have been identified and de-
scribed so far. Apolipoproteins are clas-
sified into major and minor proteins. The
former ones include apoA, apoB, apoC,
apoD, apoE. Minor apolipoproteins in-
clude apoF, apod, prolin-rich protein,
etc. [34, 39]. Depending on the key role
performed, apolipoproteins are condition-
ally divided into two classes. One is apo-
proteins forming the micellar structure
of lipoprotein complexes and serving as
lipoprotein “nucleus”. This group of apoli-
poproteins includes apoB (apoB-100 and
apoB-48) and apoA (A-I and A-ll) which
are responsible for afferent and efferent
transport of lipids. The other class con-
tains apolipoproteins focusing on lipopro-
tein and lipid metabolism regulation in the
bloodstream and their internalization by
cells. These apolipoproteins are present
in lipoproteins in low concentrations and
transfer between lipoprotein classes as
protein-lipid complexes in the process of
lipoprotein particles’ interconversion in
the bloodstream. Key representatives of
metabolically active apolipoproteins are
apoE with three isoforms (E2, E3, E4)
and apoC (C-l, C-ll, C-IIl) [34, 63]. Mean-
while, the functional role of apolipopro-
teins in lipid metabolism in residents of the
North has not been studied thoroughly.

For the first time ever we have ana-
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lyzed plasma apoE levels in residents of
the European North of Russia. It has been
established that apoE levels in residents
of the North shifted towards lower values
[7, 16, 62]. This observation is consistent
with the results of a large international re-
search comparing apoE levels in people
residing in six European countries. Ac-
cording to results of this study, there is a
north-south increasing gradient of apoE
concentrations. The lowest apoE levels
were observed in residents of Finland [38,
75]. Low apoE levels in the northerners
can be considered as adaptive changes
providing metabolic transformation, on
the other hand, it can serve as a cause
for adverse changes in the lipid pro-
file. One of the key mechanisms for the
“northern” dyslipidemia was determined
during the research. It has been shown
that a low apoE level is risk factor for
the development of hypertriglyceridemia
[7]. ApoE distribution among the major
lipoprotein classes was also studied. It
has been found that the preservation of
constant concentration of apoE in HDL
fraction due to its redistribution among
lipoprotein classes is priority at decrease
of the total plasma apoE level [15].

The levels of TC, HDL-C, low densi-
ty lipoprotein cholesterol (LDL-C) and
triglycerides (TG) are used as classic in-
dicators of lipid metabolism. However, it
has been recently established that these
conventional lipid parameters do not al-
ways reflect correctly the pro-atherogenic
potential of blood [48, 51, 73]. Cases of
atherosclerosis occurrence among sub-
jects with normal TC levels have been de-
scribed [60, 61, 65]. According to the liter-
ature, determination of TC and TG levels
contributes to detection of 50% of all lipid
metabolism disorders only [29]. Several
computed indices have been defined in
an attempt to raise the clinical benefit
of lipid metabolism indicators [56, 80].

There are several types of lipid indi-
ces. Some indices reflect the balance be-
tween atherogenic and anti-atherogenic
lipids, these include atherogenicity coeffi-
cient, Castelli 1 (TC/HDL-C) and Castelli
2 (LDL-C/HDL-C) indices, apoB/apoA-I
ratio, and atherogenic index (ATH index).
Their predictive capacity has been proved
by many clinical examinations [36, 37, 47-
49, 50, 55, 56]. Meanwhile, of these, the
apoB/apoA-I ratio is the best marker of
cardiovascular risk. The common method
for assessing lipoprotein levels in blood
by measuring cholesterol content in them
does not always reflect the exact number
of lipoproteins adequately. It is related to
the fact that the amount of cholesterol
within lipoproteins may vary widely due to
active exchange of lipid components be-

tween lipoprotein particles [71]. Unlike li-
poprotein cholesterol, the lipid-transport-
ing apoproteins — apoB and apoA-I do
not leave the lipoprotein molecules they
build [69]. Therefore, apoB and apoA-I
are assumed to be superior markers
for lipid abnormalities. ApoB (we mean
apoB-100) is an essential structural com-
ponent of very low-density lipoproteins
(VLDL), intermediate-density lipoproteins
(IDL) and low-density lipoproteins (LDL).
Because each particle of these lipopro-
teins contains one molecule of apoB, the
total atherogenic particles number can
be accurately estimated by measuring
the plasma level of this apoprotein. By
contrast, apoA-l is the structural com-
ponent of antiatherogenic HDL. So, the
apoB/apoA-I ratio displays the balance
between atherogenic and antiatherogen-
ic lipoproteins in blood and serves as an
early potential marker for the cardiovas-
cular risk [64, 70, 76, 78, 79].

Other indices (LDL-C/apoB, TC/TG
and atherogenic index of plasma (AIP))
are surrogate markers of LDL particle size
[44, 54, 59, 77, 78]. These indices are
thought to indicate the presence of small
dense LDL particles which are known
to be the most atherogenic lipoproteins.
These particles are characterized by
prolonged plasma half-life, lower resis-
tance to oxidative stress, affinity to pro-
teoglycans, and higher penetration into
the arterial wall [66, 68]. Of note, since
the determination of LDL-C levels in sub-
jects with a predominance of small dense
LDL leads to significant underestimation
of the total amount of these lipoproteins
[69-71], it explains the need to take the
qualitative composition of this lipoprotein
fraction into account as well. There are
different views on the rationale for using
the LDL-C/apoB ratio as a marker of LDL
particle size. Some authors found high
correlation between LDL-C/apoB values
and the measured LDL particles’ size
[43, 54, 57, 77], while the others do not
recommend using this ratio as marker of
small dense LDL particles [40, 53].

Clinical studies globally widely use
lipid metabolism indices to characterize
lipid profile changes in case of various
pathologies or to monitor the results of
hypolipidemic or hormone replacement
therapy, as well as in prospective epide-
miology research aimed at detection of
predictive factors of atherosclerosis and
related cardiovascular diseases [41, 42,
45-47, 54, 67, 72, 80]. At the same time,
usefulness of composite indices in the
overall evaluation of lipid metabolism in
healthy subjects has hardly been stud-
ied. The variation range for lipid metab-
olism indices and functional relations be-

tween them have not been found out yet.

The results of our studies made it pos-
sible to enlarge today’s view about the
lipid metabolism in residents of the North
and to define main indices for early de-
tection and monitoring of dyslipidemia
risk. The comprehensive study of the lip-
id profile in apparently healthy residents
of the North (157 men aged 20-59) with
normolipidemia (TC<5.2 mmol/l, TG<1.7
mmol/l, HDL cholesterol>1.0 mmol/l)
showed nonmanifest disturbances of
lipid metabolism. Increased atheroge-
nicity of the lipid profile in subjects with
normolipidemia occurred as a distorted
balance between atherogenic and an-
tiatherogenic lipoproteins and changed
qualitative composition of lipoproteins.
The analysis of individual data revealed
that values above the reference limits for
the atherogenicity coefficient, Castelli 2
index, atherogenic index of plasma (AIP)
and atherogenic index (ATH index) were
observed in 7.0-10.2% of the men with
normolipidemia. The study subjects most
frequently demonstrated lower values of
LDL-C/apoB (26.0%) and higher apoB/
apoA-| ratio (19.1%). Deviation of these
indices from the reference range was ob-
served on the background of low levels
of apoE which is a regulatory protein of
lipid transport system [14, 24, 52, 74]. It
is known that insufficient amount of apoE
leads to slower receptor-mediated elimi-
nation and accumulation of TG-rich lipo-
proteins in blood [5, 39, 58]. In our case,
higher levels of TG in the subjects with
the unfavorable LDL-C/apoB and apoB/
apoA-I ratios indicated the delayed clear-
ance of TG-rich lipoproteins. Thus, the
atherogenic changes of lipid profile ob-
served in the healthy subjects with nor-
molipidemia may be due to disturbances
in catabolism and metabolic turnover of
lipoproteins. Decrease of regulatory ef-
fect of apoE on lipoprotein metabolism in
healthy subjects at early stages is latent
and it does not appear as hyperlipidemia.
The LDL-C/apoB and apoB/apoA-I ratios
are more sensitive indices compared to
conventional indicators and are capable
to detect atherogenic changes of the lipid
profile even in case of normolipidemia.

In general, it should be noted that the
results of our own studies indicate the
necessity to conduct determination of
the apolipoprotein levels and calculation
of compound lipid indices in addition to
the conventional indicators of lipid me-
tabolism, which makes it possible to de-
tect metabolic disorders at early stages.
Deviation of lipid metabolism indices
from the reference range in case of nor-
molipidemia can be considered as early
predictor of metabolic transformations



occurring on the background of changes
in performance of regulatory systems,
but not having shown any clinical impli-
cations yet.
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This article presents a review of the literature. The authors conducted a scientific search on
the epidemiology of obesity and overweight in different ethnic groups, using the relevant key-
words, on the search engines PubMed and Google Scholar, on the Scopus, Web of Science,
MedLine, The Global Health databases, CyberLeninka, eLIBRARY.RU and others. Obesity is
widespread among children, adolescents and adults. Most of the epidemiological studies con-
ducted to identify obesity and overweight used the most accessible method - the determination
of body mass index (BMI). Data on ethnic origin can provide additional information for a person-
alized prognosis; to date, there is no single classification for obesity and overweight for Asians.
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cations.

Obesity is an increase in body fat,
leading to the appearance of overweight,
is a common chronic metabolic disease
in Russia and the world that occurs at
any age. Currently, there is an increase
in overall morbidity and mortality from
complications (metabolic syndrome, type
2 diabetes, liver steatosis, arterial hyper-
tension, IHD, etc.) in this condition.

It is well known that the causes of
obesity are: hereditary predisposition
(increased activity of lipogenesis en-
zymes and reduced activity of lipolysis
enzymes), failure to follow the mode and
nature of nutrition (frequent, excessive
food), endocrine disorders, stressful situ-

ations (psychogenic overeating), hormo-
nal drugs, a sedentary image life (motor
mode must be combined with proper nu-
trition and the rejection of bad habits).

Overweight is not only a socio-eco-
nomic and cosmetic problem, but primar-
ily a medical one. It is proved that the
greater the body weight, the lower the
life expectancy due to the development
of serious diseases. In this regard, sig-
nificant efforts of modern endocrinology
are aimed at studying the causes and
mechanisms of the development of over-
weight and obesity [3; 12; 13] and their
correction.

The epidemiology of obesity depends



