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L.G. Marinova, N.V. Savvina

OBESITY AS A METABOLIC FACTOR
OF THE RISK OF CARDIOVASCULAR

DISEASES

ABSTRACT

Obesity is currently one of the serious problems of modern society and medicine. The article gives an overview of obesity as one of the main
metabolic risk factors for cardiovascular diseases. The reasons of the development of obesity and pathogenetic mechanisms of complications
development from the side of the cardiovascular system are considered against its background, as well as the risk to human health in the presence
of visceral obesity. We present data on child obesity as a metabolic base of cardiovascular diseases at which a prolonged accumulation of adipose
tissue leads to the most serious disorders of human organs and systems, primarily cardiovascular one.

Keywords: obesity, overweight, cardiovascular diseases, epicardial fat.

According to the WHO, overweight and
obesity are determined as «abnormal or
excessive fat accumulation that presents
a risk to health” [5]. Obesity plays a
role in the development of a number of
cardiovascular risk factors (FR). The
researchers defined pathogenetic basis
of the negative effect of obesity on the
structural and functional activity of heart
and blood vessels. An obese person has a
greater risk of developing cardiovascular
disease (CVD), which in turn can lead to
severe heart diseases [24].

Many factors can cause obesity,
including genetic (more than 50
candidate genes). But most people
do not have monogenic inheritance of
obesity. There are many studies being
held to find candidate genes that can
affect obesity and overweight. Currently,
the role of mutations in the PPAR genes
(peroxisome proliferator-activated
receptors), fatty acid-binding protein 2,
(FABP2), ADRB2 and ADRB3 (G-protein
adrenergic receptors) is under study. The
latter are considered as an interesting

finding in nutrigenetics, confirming the
hypothesis of «economical genotype».
In people with a body overweight and
with a mutation of the ADRB3 gene, daily
energy consumption, altered lipolysis and
increased abdominal obesity decrease
are noted [6]. Despite the revealed
interrelationships of gene mutations with
overweight, the question of direct role
of genetic factors in the development
of obesity remains controversial. One
cannot ignore environmental factors,
such as lifestyle, diet, physical activity,
stressful situations and bad habits. To
date, according to the WHO, the main
reasons of obesity are an excessive
supply of nutrients with food and a low
level of physical activity, which does not
allow consuming the amount of energy
coming from food [5, 8, 9].

Clinically obesity can be an
independent disease (exogenous-
constitutional obesity) or a syndrome
that develops at various diseases, such
as  hypothyroidism,  hypercorticism,
polycystic ovary syndrome, Cushing’s

syndrome, etc. (in the latter case, excess
weight can be eliminated after curing or
compensation of the main disease). In this
case, it must be remembered that obesity
itself leads to disruption of the sexual
glands, the hypothalamo-pituitary system
and the adrenal glands. For example,
the establishment of a diagnosis of
neuroendocrine form of the hypothalamic
syndrome is inappropriate, since the
formation of hypothalamic stigmas such
as cyanotic striae, pigmentation in places
of friction, the formation of acanthosis
of obese, unclean skin and functional
disorders of the hypothalamic-pituitary
system is not the cause, but the result
and manifestation of obesity, and the
degree of their severity correlates with
the duration and severity of obesity [20].

Excess body weight contributes to
increased levels of total cholesterol and
low-density lipoprotein (LDL) and very
low density (VLDL) in plasma. It has
been established that the production of
cholesterol (Ch) in people with obesity
increases by an average of 20 mg per



each excess kilogram of fat. For every
4.5 kg of body weight, systolic blood
pressure (SBP) is increased by 4.5 mm
Hg [4, 19, 20].

Obesity occurs when the number or
size of fat cells in the body increases.
Normally, a person has 30 to 35 billion fat
cells. When a person gets fat, these fat
cells first increase in size, and then their
number grows. When a person grows
thin, the size of the cells decreases,
and no matter how thin a person is, the
number of fat cells remains the same.
Namely for this reason, after gaining of
fat mass it is very difficult to lose weight.

Dangerous to human health is visceral
obesity (abdominal type of obesity),
at which the adipose tissue (AT), has
an uneven distribution with excess
deposition in the region of the upper
body and abdomen (intraabdominal
visceral fat - in the omentum, mesentery,
retroperitoneal area), as well as in
internal organs, including the heart,
kidneys and liver (extra-abdominal
deposits of visceral fat). Just deposits
of adipose tissue in vital organs lead to
complications and high mortality. It all
starts with a violation of the functional
activity of AT, which is not only a depot of
fat, but an active endocrine and paracrine
organ. Visceral fat, being hormonally
active, performs a complex role in the
body: secretes estrogens (adipocytes
aromatase promotes the synthesis of
estrogens from adrenal androgens),
angiotensinogen, prostaglandins, tumor
necrosis factor a, interleukin-6, leptin,
resistin, adiponectin, insulin-like growth
factor 1, tissue activator of plasminogen
I inhibitor, fibrinogen [4, 28].

At visceral obesity, the main target
organs are heart and blood vessels.
In heart fat is deposited both inside
the cardiomyocytes, leading to fatty
myocardial dystrophy, and externally,
increasing the thickness of the epicardial
fat (EF). Epicardial fat itself develops
from brown adipose tissue during
embryogenesis and is metabolically
more active than subcutaneous adipose
tissue. Normally, the EF protects the
myocardium and coronary arteries
from fatty acids [3]. Since epicardial AT
plays an active role in the metabolism
of the myocardium, an increase in its
volume and activity leads to disruption
of the mitochondria. Mitochondrial
dysfunction and metabolic disturbance
of cardiomyocytes promote systolic
cardiac dysfunction in obese patients. At
epicardial obesity of heart fibrosis of the
myocardium can quickly develop, which
accelerates apoptosis of cardiomyocytes.
The excess amount of angiotensin

Il, secreted by the EF, increases the
synthesis of fibrosis, which subsequently
gives rise to the development of atrial
fibrosis and the diastolic function of heart
due to the LV myocardial hypertrophy. J.
Shirani et al. revealed that excessive fat
deposition in the atrial septum increases
the prevalence of atrial fibrillation [4, 25-
27]. As a result of a pathological increase
in the volume of the EF around heart
and inside the myocardium, conditions
are created for significantly loading the
course of IHD, characterized by a more
severe lesion of the coronary arteries,
more pronounced metabolic disorders,
hypercoagulable activity, and shifts in the
system of lipid transport of atherogenic
orientation [3,4,22].

Currently, epicardial fat is considered
as a marker of cardiovascular diseases.
A statistically significant relationship with
the waist circumference was revealed,
with a level of low density lipoproteins.
The thicker the epicardial fat, the more
pronounced arterial hypertension in
patients is and a higher level of insulin.
According to a Park study conducted in
2008, for 30 days, in patients with acute
coronary syndrome often developed fatal
and nonfatal infarcts, cerebral stroke, if
the thickness of their epicardial fat was
7.5 mm (against the control group of
5 Mm). According to some data, at the
thickness of epicardial fatin 7 mm signs of
subclinical atherosclerosis are revealed.
According to other data, at epicardial fat
in 9 mm with a high probability insulin
resistance is diagnosed. In patients with
metabolic syndrome, the epicardial fat
layer is larger (6 mm) than in patients
without metabolic syndrome (4.9 mm). At
the moment no clear quantitative value of
the layer of epicardial fat has been found
4, 71.

The most significant factors initiating
the atherosclerotic process at obesity
include: excess of visceral and epicardial
fat, resistance index, low level of
adiponectin, increased expression
of proinflammatory adipokines
and cytokines, hypercoagulation,
hypertension,  hyperglycemia,  atrial
septal defect [4,7,15- 17].

In the Russian Federation, the
prevalence of cardiovascular disease is
very high. Ischemic heart disease and
cerebrovascular diseases are the main
causes of death. In Yakutia over the past
15 years, mortality among the working-
age population from diseases of the
circulatory system has increased in 2.2
times (in the Russian Federation - 1.7
times).

In order to identify the causes of the
development of cardiovascular diseases

2 2017 /A

in Yakutia, a number of studies have been
carried out. Medico-social studies have
shown that the most significant socio-
hygienic factors affecting the formation of
circulatory diseases in people of working
age are: employment of the population,
material wellness, living conditions, the
presence of bad habits and the quality
of nutrition [10]. Recent populational
studies have shown that among men of
indigenous nationalities, coronary artery
atherosclerosis is less pronounced than
in non-indigenous population, with a high
prevalence of hypertension (74.7% of
cases) and associated hypertrophy of
the left departments of heart. There are
suggestions that in the development of
this phenomenon in the native inhabitants
of Yakutia, the presence of insulin
resistance, as an independent factor of
cardiovascular diseases, probably played
a role [13]. Epidemiological studies of the
prevalence of the metabolic syndrome and
its clinical variants among the indigenous
population were also conducted. The
most frequent variant of the metabolic
syndrome was a combination of
abdominal obesity, high blood pressure
and lipid metabolism disorders. This
combination was more common in young
people aged 20-39 years and mainly
in women. After 40 years, disorders of
carbohydrate metabolism were detected
in 52% of the indigenous population [14].
Violations of lipid metabolism are an
important issue for residents of Yakutia.
In the North, lipids supply the body with
the energy that means the transition of
the basic metabolism from carbohydrate
to fat. In indigenous people, the protein-
lipid type of metabolism is genetically
determined and is formed in the process
of ontogenesis under the influence
of external factors. According to the
research, in the indigenous and non-
indigenous population of Yakutia, an
increase in the prevalence of dyslipidemia
and differences in the lipid spectrum were
detected. As a result of the violation of the
ratios of atherogenic and antiatherogenic
fractions of lipids, the coefficient of
atherogenicity exceeded the permissible
norm and was higher for the Yakuts (in
the Yakuts in 2.16, for the Russians - 1.9
times) [21].

Cardiovascular diseases are largely
a pediatric problem. Considering that
overweight in childhood and adolescence
is often transformed into obesity in adults,
this phenomenon can be considered the
metabolic foundation of cardiovascular
disease [5, 12, 15-16].

In recent years, convincing
evidence has been obtained that the
atherosclerotic process leading to CVD
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begins in childhood and adolescence and
develops over the course of life under
the influence of genetic and modifiable
risk factors. According to the data of
large-scale prospective epidemiological
studies, the concept of risk factors, which
is the basis for the prevention of CVD,
has developed [5, 17, 18, 23]. Later, the
concept of risk factors was extrapolated
to the child population. As a result of the
study, risk factors that retained stability
during life were identified. Stable risk
factors are hypertension, overweight,
hypercholesterolemia, carbohydrate
metabolism disorder, low physical activity
and smoking among the child population
[5, 16]. Despite a variety of risk factors,
obesity is the most common risk factor
for CVD in children. Critical periods for
the debut of obesity are the first year
of life, the age of 5-6 years and the
period of puberty [8, 9]. The prevalence
of excess BM and obesity among boys
begins to increase rapidly at the end of
puberty (after 15 years). The greater the
BMI value in adolescence, the higher
it's resistance in subsequent life periods
and the higher the risk of excess BM and
obesity in young adulthood [8, 9, 15, 16].
The development of metabolic syndrome
against obesity in children increases the
risk of type 2 diabetes and cardiovascular
diseases in young adults. The most
frequent complications of obesity (type
2 diabetes, non-alcoholic fatty liver
disease, arterial hypertension) can be
diagnosed already at the younger school
age. Today, the prevalence of childhood
obesity has increased significantly in
countries with both high and low and
middle income countries, and currently
solving the problem of childhood obesity
is an urgent public health challenge [1, 2,
5].

According to 2010 data, the prevalence
of obesity in the Republic Sakha (Yakutia)
as a whole was 9.4 among children 0-14
years old, among adolescents - 14.3 per
1000 children of the corresponding age.
The statistically significant differences
in the average incidence rates for the
analyzed period in 3 groups of districts
(p <0.001) were revealed. The highest
incidence of obesity among children aged
0-14 years was observed in the Arctic
group of regions (13.3 per 1000 children),
the lowest in the agricultural group (5 per
1000 children). Adolescents had high
rates of obesity in the industrial group
of districts (17.2 per 1,000 adolescents),
the lowest in the agricultural group
(11.3 per 1000 adolescents). For 2000-
2010 in both age groups, a statistically
significant increase in the incidence of
obesity was observed in all groups of

districts (p <0.001). For example, among
children aged 0-14 years, the incidence
of obesity in the Arctic group of regions
increased three-fold (from 4.6 to 13.3 per
1000), in industrial and agricultural two-
fold: from 2.6 to 5 and from 5, 9 to 11.2
per 1.000 children, respectively. Among
adolescents, there is also an increase in
the incidence of obesity in the dynamics:
in the industrial group from 5.9 to 17.2,
in the Arctic group - from 4.6 to 14.6 (3
times), in the agricultural group of districts
- from 2.6 to 11.3 per 1.000 teenagers (4
times). In the dynamics for 2000-2010
among the children of the Republic Sakha
(Yakutia), there is a statistically significant
increase in the incidence of obesity. The
prevalence of obesity in agricultural areas
was statistically significantly lower than in
the arctic and industrial groups of areas.
These differences may be due to the
ethnic composition of the population, the
nature of nutrition and the level of motor
activity of children in different groups of
areas [11].

CONCLUSION

Thus, at obesity a violation of the
functional activity of adipose tissue
due to excessive accumulation in vital
organs leads to their functional and
organic lesions, presenting a health
risk. It is especially important to note
the transformation of childhood obesity
into adulthood and the increase in the
prevalence of obesity among children.
Long-term accumulation of adipose tissue
leads to the most persistent damage to
human organs and systems, primarily
cardiovascular. An important factor is
the living conditions. As the researches
show, in the residents of the indigenous
population of Yakutia specific clinical
manifestations of metabolic risk factors
for the development of cardiovascular
diseases were identified, which may be
the reason for its steady growth among
the residents of Yakutia.

REFERENCES

1. Averyanov A.P. Bolotova I.V. Zotova
S.A. Ozhirenie v detskom vozraste
[Obesity in childhood] Lechashhij vrach
[Therapist]. Moscow, 2010, Ne2, P.13-15.

2. Nasibulina E.S. Shagimaradnova
R.R. Borisova A.V. Akhmetov .l
Associacija polimorfizma gena FTO
s izbytochnoj massoj tela v rossijskoj
populjacii [Association of polymorphism
of the FTO gene with overweight in the
Russian population] Kazanskij medicinskij
zhurnal [Kazan Medical Journal]. Kazan,
2012, V.93, Ne5, P. 823-826.

3. Bondarenko [.Z. Shpagina O.V.
Patogeneticheskie  osnovy  razvitija

serdechno-sosudistyh  zabolevanij pri
ozhirenii. Trudnosti diagnostiki i lechenija
[Pathogenetic bases of development
of cardiovascular diseases at obesity.
Difficulties in diagnosis and treatment].
Ozhirenie i metabolizm [Obesity and
Metabolism]. Moscow, 2015, Ne12 (4), P.
47-51.

4. Bubnova M.G. Rol' ozhirenija i
visceral'nogo zhira serdca v zapuske
serdechno-sosudistogo kontinuuma.
Klinicheskie jeffekty orlistata [The role
of obesity and visceral fat of heart in the
launch of the cardiovascular continuum.
Clinical effects of orlistat] Rossijskij
medicinskij zhurnal [Russian Medical
Journal]. Moscow, 2014, Ne2, P. 116.

5. VOZ. CGlobal'naja strategija po
pitaniju, fizicheskoj aktivnosti i zdorov'ju.
Izbytochnyj ves i ozhirenie sredi detej
[WHO. Global strategy on diet, physical
activity and health. Overweight and
obesity among children/] Mir mediciny
[The world of medicine]. Minsk, 2001,
Ne3-4, P. 28.

6. Borodina S.V. Gapparova K.M.
Zainudinov Z.M. [et al.] Geneticheskie
prediktory razvitija ozhirenija [Genetic
predictors of obesity development].
Ozhirenie i metabolizm [Obesity and
Metabolism]. Moscow, 2016. - Ne13 (2).
-P. 7-13.

7. Gilyarevsky S.R. Korneeva O.N.
Jepikardial’nyj zhir i serdechno-sosudistyj
risk. Est’ li svjaz' [Epicardial fat and
cardiovascular risk. Is there a connection]
http://internist.ru/publications/detail/6 359/

8. Dedov LI. Melnichenko G.A.
Ozhirenie [Obesity]. Moscow, 2004, P.
312-328.

9. Dedov [II. Melnichenko G.A.

Romantsova T.I. Patogeneticheskie
aspekty ozhirenija [Pathogenetic aspects
of obesity]. Ozhirenie i metabolizm

[Obesity and Metabolism]. Moscow,
2004, Ne1, P. 3-9.

10. Egorova A.G. Romanova A.N.

Gorborukova T.V. Ocenka vlijanija
social’'no-gigienicheskih faktorov
na formirovanie boleznej sistemy

krovoobrashhenija u lic trudosposobnogo
vozrasta Respubliki Saha (Jakutija)
[Evaluation of the influence of socio-
hygienic factors on the formation of
diseases of the circulatory system in
persons of working age of the Republic
Sakha (Yakutia)]. Zdorov’e. Medicinskaja
jekologija. Nauka [Health. Medical
ecology. The science]. Moscow, 2009,
Ne4-5 (39-40), P. 48-52.

11. Marinova L.G. Savvina N.V.
Klimova T.M. Dinamika zabolevaemosti
ozhireniem detej i podrostkov RS(Ja)
za 2001-2010 gg. [The dynamics of the
incidence of children and adolescents



of the RS (Y) for 2001-2010]. Voprosy
pitanija [Issues of Nutrition]. Moscow,
2015, Vol.84, Ne S3, P. 134.

12. Marinova L.G. Sawvina N.V.
Savvina |.L. Ozhirenie u detej Jakutii:
social’no-gigienicheskie aspekty i
klinicheskaja  harakteristika [Obesity
in children of Yakutia: socio-hygienic
aspects and clinical characteristics].
Jakutskij medicinskij zhurnal [Yakut
medical journal]. Yakutsk, 2015, Ne3 (51),
P. 51-53.

13. Maharova N.V.  Voevoda
M.I. Lyutova F.F. Vysokaja chastota
arterial'noj gipertenzii i porazhenie
organov mishenej u korennyh zhitelej
Jakutii s verificirovannym aterosklerozom
koronarnyh arterij — vozmozhnaja svjaz’
s insulinorezistentnost’ju [High frequency
of arterial hypertension and defeat of
target organs in Yakutia natives with
verified atherosclerosis of coronary
arteries - possible association with insulin
resistance]. Jakutskij medicinskij zhurnal
[Yakut medical journal]. Yakutsk, 2011,
Ne 1, P. 104-107.

14. Osakovsky V.L. Goldfarb L.G.
Klimova T.M. [et al] Metabolicheskij
sindrom u aborigennogo naselenija
Jakutii [Metabolic syndrome in the
aboriginal population of Yakutia] Jakutskij

medicinskij zhurnal [Yakut medical
journal]. Yakutsk, 2010, Ne2, P. 98-102.

15. Pervichnaja profilaktika
serdechno-sosudistyh zabolevanij
(klinicheskie rekomendacii): materialy
IV Kongressa vrachej pervichnogo
zvena zdravoohranenija Juga Rossii,

IX Konferencii vrachej obshhej praktiki
(semejnyh vrachej) Juga Rossii, Moskva
— Sankt-Peterburg — Rostov-na-Donu
[Primary prevention of cardiovascular
diseases (clinical recommendations):
materials of the IV Congress of Primary
Health Care Professionals of the South
of Russia, IX Conference of General
Practitioners (Family Doctors) of the
South of Russia, Moscow - St. Petersburg
- Rostov-on-Don], 2014, 22 p.

16. Profilaktika serdechno-sosudistyh
zabolevanij v detskom i podrostkovom
vozraste: rossijskie rekomendacii
[Prevention of cardiovascular diseases

in childhood and adolescence:
Russian recommendations] Rossijskij
kardiologicheskij zhurnal [Russian

Cardiology Journal]. Ne 6 (98), Moscow,

2012. Annex 1.

17.AleksandrovA.A. [et al.] Profilaktika
serdechno-sosudistyh ~ zabolevanij v
detskom i podrostkovom vozraste:
rossijskie rekomendacii [Prevention of
cardiovascular diseases in childhood and
adolescence: Russian recommendations]
Rossijskij  kardiologicheskij ~ zhurnal
[Russian Cardiology Journal]. Moscow,
2012, Ne4 (96), pp. 1-40.

18. Profilaktika hronicheskih
neinfekcionnyh zabolevanij: rekomendacii
[Prophylaxis of chronic non-infectious
diseases: recommendations]. Moscow,
2013, 128 pp.

19. Rozanov V.B. Prognosticheskoe
znachenie faktorov riska serdechno-
sosudistyh zabolevanij, svjazannyh s
aterosklerozom, u detej i podrostkov i
otdalennye rezul'taty profilakticheskogo
vmeshatel'stva: dis...dokt. medic. nauk:
Rozanov V. B. [Prognostic value of
risk factors for cardiovascular diseases
associated with atherosclerosis, in
children and adolescents and the long-
term results of preventive interventions:
dis ... doc. med. sciences: V. B. Rozanov].
Moscow, 2007, 257 p.

20. Samorodskaya 1.V. Indeks massy
tela i paradoks ozhirenija [Body mass
index and the paradox of obesity]
Rossijskij medicinskij zhurnal [Russian
Medical Journal]. Moscow, 2014, Ne2, P.
170.

21. Khamnuyeva L.Yu. Andreeva L.S.
Koshikova |.N. Ozhirenie. Klassifikacija,
jetiologija, patogenez, klinika, diagnostika,
lechenie [Obesity. Classification, etiology,
pathogenesis, clinical picture, diagnosis,
treatment]. Irkutsk, 2007, 33 p.

22. Krivoshapkina Z.N. Mironova G.E.
Olesova L.D. [etal.]. Chastota dislipidemij
sredi naselenija Jakutii [The frequency
of dyslipidemia among the population
of Yakutia] Jakutskij medicinskij zhurnal
[Yakut medical journal]. Yakutsk, 2007. -
Ne3. - P. 24-26.

23. Chumakova G.A. Veselovskaya
N.G. Gritsenko O.V. [etal.] Jepikardial'noe
ozhirenie kak vozmozhnyj marker
metabolicheskogo sindroma [Epicardial
obesity as a possible marker of
metabolic syndrome] Kardiosomatika
[Cardiosomatics].Moscow, 2012, Ne 4, P.
38-42.

24. Yartsev S.E. Faktory riska
hronicheskih neinfekcionnyh zabolevanij

22017 ("]

Vv neorganizovannoj populjacii muzhchin
trudosposobnogo  vozrasta: annot.
dis... kand. medic, nauk [Risk factors
of chronic non-infectious diseases in
the unorganized population of men of
working age: annot. dis ... cand. med,
sciences]. Tyumen: TGMA, 2014, 118 p.

25. Branka F. The problem of obesity
in the WHO European Region and
its solutions strategy / F. Branca, N.
Nikogosian, T. Lobstein - WHO. - 2009.
- 408 p.

26. Jacobellis G. Different «weight»
of cardiac and general obesity in
predicting left ventricular morphology /
G. Jacobellis, C.M. Pond, A.M. Sharma
/I Obesity (Silver Spring). - 2006. - Vol.
14. - P. 1679-1684.

27. Relationship between epicardial
adipose tissue and left ventricular
mass / G. lacobellis, M.C. Ribaudo, A.
Zappaterreno [et al.] // Am J Cardiol. -
2004. - Vol. 94. — P. 1084 -1087.

28.  Shirani J. Clinical,
electrocardiographic and morphologic
features of massive fatty deposits
(“lipomatous hypertrophy”) in the atrial
septum / J. Shirani, W.C. Roberts // J
AmCollCardiol. — 1993. - Vol. 22. — P.
226-238.

29. The adipocyte: a model for
integration of endocrine and metabolic
signaling in energy metabolism regulation
/ G. Fruhbeck, J. Gomez-Ambrosi, F.
Muruzabal, M. Burrell // Am. J. Physiol.
Endocrinol. Metab. 2001. Vol. 280. —
P.827-847.

Information about authors:

1. Marinova Lyudmila Germanovna,
assistant of the Department of
Propaedeutics of Children’s Diseases,
Ml NEFU named after M.K. Ammosoy,
Yakutsk, Russia.

Contact information: 677000, Yakutsk,
ul. Oyunsky, 27, cab. 215; E-mail:
marinovalg@mail.ru;

2. Savvina Nadezhda Valeryevna —
MD, professor, head of the Department
of Public Health and Healthcare, General
Hygiene and Bioethics, Ml NEFU named
after M.K. Ammosov, Yakutsk, Russia.

Contact information: 677000, Yakutsk,
ul. Oyunsky, 27, cab. 510; E-mail:
nadvsavvina@mail.ru.

L N N N N N M M A N N N N N M N M N O N N M N O N N N N O M N M N N M N M N A Y W W M W W MW YW W VW YW

LT i i
N N N N N N N N N N N N






