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SAZETAK: Pretilost predstavlja svjetski epidemijski i veli-
ki zdravstveni problem osobito otkako se povezuje s me-
tabolickim, kardijalnim i vaskularnim komplikacijama. Pre-
ma posljednijim istrazivanjima, ektopi¢no visceralno masno
tkivo je vazan prediktor razvoja kardiovaskularnih bolesti i
inzulinske rezistencije, zna¢ajnije nego ukupno akumulira-
no masno tivo. Kardijalno visceralno masno tkivo ¢ine in-
tratorakalne, epikardijalne i intramiokardijalne masne sta-
nice, koje su povezane i s konvencionalnim kardiovasku-
larnim ¢imbenicima rizika. Adipociti su aktivne endokrine
stanice koje produciraju mnogobrojne adipocitokemokine.
Leptin i adiponektin su adipokini sa znac¢ajnom ulogom u
razvoju kardiovaskularnih bolesti, ukljuujuci aterosklerot-
ske procese, hipertrofiju kardiomiocita i remodelaciju mio-
kardijalnog ekstracelularnog matriksa. U stanju pretilosti
koncentracija cirkulirajuceg protektivnog adiponektina je
snizena, dok je koncentracija leptina povisena. Zajedno,
hipoadiponektinemija i hiperleptinemija imaju proateroskle-
rotski i proupalni ucinak, djelujuci na hipertroficni signal u
kardiomiocitima putem kompleksnih mehanizama. Moze
se zakljuciti da pretilost, ektopi¢no kardijalno masno tkivo i
adipokini utje€u na lokalne i sistemske, metabolicke i me-
hani¢ke promijene kardiovaskularnog sustava s patohisto-
loskim i patofizioloskim promijenama kardiomiocita i mio-
karda. Rezultat svih promjena je razvoj debljinom uzroko-
vane kardiomiopatije s poremecajem miokardijalne relak-

SUMMARY: Obesity is becoming a worldwide epidemic
and a major health problem, since its presence is associa-
ted with significant adverse effects on health including me-
tabolic, cardiac and vascular complications. According to
latest research, ectopic visceral fat accumulation is an im-
portant predictor of diseases, particularly of cardiovascular
diseases and insulin resistance, carrying more risk than
general fat accumulation. Cardiac ectopic fat includes fat
deposition around the heart (epicardial and intrathoracic
fat) and intra-myocardial fat cells. All ectopic fat depots are
related to conventional risk factors for cardiovascular di-
seases. Adipocytes act as an endocrine organ, producing
a number of adipocytokemokines. Leptin and adiponectin
are adipokines with a significant role in development of car-
diovascular diseases, including atherosclerosis, cardiac hy-
pertrophy and myocardial extracellular matrix remodeling.
The level of circulating protective adiponectin is decreased
while leptin level is increased in obese patients. Hypoadi-
ponectinemia and hyperleptinemia have proatherosclerotic
and proinflammatory effects inducing hypertrophic signal
in cardiomyocytes via complex mechanisms. It can be con-
cluded that obesity, cardiac fat, inflammation and adipo-
kines changes contribute to local and systemic, metabolic
and mechanical changes in cardiovascular system, with pa-
thohistological and pathophysiological changes of cardio-
myocytes and myocardium. The result of all these changes
is obesity related cardiomyopathy with disturbances of
myocardium relaxation and diastolic dysfunction.

sacije i dijastolicke funkcije.

KLJUCNE RIJECI: adiponektin, kardiomiopatija, epikardi-

jalno masno tkivo, leptin, pretilost.

Debljina i visceralno kardijalno masno tkivo

Prema funkciji, masno tkivo dijelimo u supkutano i visceral-
no masno tkivo'. Supkutano masno tkivo ima vaznu ulogu u
termoregulacijskim procesima, mehanickoj potpori i zasititi’.
Visceralno masno tkivo sadrzi znacajne lipidne depoe unu-
tar ili oko drugih tkiva i organa s neurohumoralnm aktivnos-

¢u i utjecajem na metabolicke i aterosklerotske procese’.

Ektopi¢no kardijalno masno tkivo je prepoznato kao potenci-
jalni marker za kardiovaskularne bolesti (KVB)*, ali je jo$ uvi-
jek nepoznanica na koji nacin utje¢e na kardiometabolizam
i sréanu funkciju®. Pretilost je karakterizirana prekomjernom
produkcijom brojnih adipokina i citokemokina (povec¢ana kon-
centracija leptina i brojnih drugih adipokina, IL-1, IL-6, IL-8,
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Obesity and cardiac visceral adipose tissue

Adipose tissue can be classified as subcutaneous and vis-
ceral ectopic fat according to its function'. Subcutaneous
adipose tissue has an important role in thermoregulation pro-
cesses, mechanical support and protection®. Visceral obesi-
ty, on the other hand, is present in form of significant lipid
depots within and around other tissues and organs with neu-
rohumoral activity and influence on metabolic disorders and
atherosclerotic processes®. Ectopic cardiac adipose tissue
has been recognized as a potential marker for cardiovascu-
lar diseases (CVD)*, but its influence on cardiac metabolism
and its function is stil unknown®. Obesity is characterized by
excess production of a large number of adipokines and cito-
kemokines (increased level of leptin, interleukin-1, interleu-
kin-6, interleukin-8, tumor necrosis factor-alpha, monocyte
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TNF-alfa, MCP-1, PAI-1; te snizenom koncentracijom pro-
tektivnog adiponektina), Sto uzrokuje kroni¢nu lokalnu i sis-
temsku supklinicku upalu visceralnog masnog tkiva, rezulti-
rajuéi progresijom upale i endotelne disfunkcije®. Epikardi-
jalno i miokardijalno masno tkivo rastu sa stupnjem debljine
i utjecu na kardijalne promijene’.

Metabolicki i mehanicki uéinak masti

Kardiomiociti i neadipociti kod pacijenata s urednim indek-
som tjelesne mase (ITM) imaju malu mogucnost skladiste-
nja masti, dok su pretile osobe izloZene visokim koncentraci-
jama lipida koji mogu poticati akumulaciju triglicerida u kar-
diomiocitima®®. Anatomska pozicija epikardijalnog masnog
tkiva takoder moze dodatno, lokalno utjecati na patofizio-
loske procese u miokardu'". Visceralno masno tkivo je vi-
soko lipoliticno. Neadekvatna supresija slobodnih masnih
kiselina inzulinom i visoke koncentracije triglicerida korelira-
ju s epikardnim masnim tkivom'®'? zna¢ajnije nego s ostalim
masnim depoima''. Kardijalno masno tkivo predstavlja izvor
kardiotoksi¢nih slobodnih masnih kiselina koje dovode do
masne akumulacije' uzrokujuci miokardnu steatozu s utje-
cajem na kontraktilnost i smanjenu funkciju™.

Razli¢ite vrste stanica u miokardu: kardiomiociti, fibroblasti,
endotelne i glatke miSicne stanice, neovisno reagiraju na
autokrini, parakrini i endokrini ucinak adipokina i pridonose
procesu patoloske remodelacije miokardnog matriksa®™. Re-
modeliranje ekstracelularnog matriksa je aktivan proces u
kojem dolazi do ultrastrukturnih promijena miokarda, dopri-
noseci razvoju dijastolicke disunkcije®. Abnormalnosti ma-
triksa u procesima hipertrofije lijeve klijetke (HLK) uklju¢uje
neurohormone, bioaktivne molekule i matricelularne protei-
ne koji reguliraju sintezu i degradaciju ekstracelularnog ma-
triksa putem ucinka matriks metaloproteinaze i koncentra-
cije inhibitora matriks metaloproteinaze™.

Debljinom povezana arterijska hipertenzija i
kardijalna funkcija

U stanju pretilosti adipokini utje¢u na razvoj arterijske hiper-
tenzije (AH) putem prekomjerne simpaticke stimulacije, en-
dotelne disfunkcije i vazokonstrikcije, povec¢anom retenci-
jom natrija u bubrezima". Zajedno, i hemodinamski (putem
AH) i nehemodinamski neurohumoralni ¢imbenici (adipokini
— leptin i adiponektin) utje¢u na remodelaciju i hipertrofiju
miokarda'®?', djelujuéi na sistolicku i dijastolicku funkciju.
Prema nekim studijama, regionalna redukcija sistolicke
funkcije direktno korelira s AH i metabolickim abnormalnos-
tima, kao posljedica visceralnog masnog tkiva, triglicerida i
inzulinske rezistencije®®. Prema rezultatima drugih studija,
udio miokardnih triglicerida raste s dobi, doprinoseci razvo-
ju dijastolicke disfunkcije neovisno o ITM i vrijednostima
arterijskog tlaka'*** mijenjajuci miokardnu rastezljivost i bio-
energetsku funkcionalnost®.

Leptin i adiponektin

Leptin je adipokin s glavnhom ulogom u procesima odrzanja
homeostaze centralnih i perifernih tkiva. Primarno se sinte-
tizira u adipocitima, a moze i u kardiomiocitima. U srcu lep-
tin ostvaruje autokrine, parakrine i endokrine ucinke putem
leptinskih receptora®. Kod veéine pretilih osoba, serumska
koncentracija leptina je povecana i u korelaciji s ITM. Mno-
gobrojne Klinicke i eksperimentalne studije te in vitro analize
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chemoatrractant protein-1, plasminogen activator inhibitor-
1; decreased level of adiponectin), which causes chronic lo-
cal and systemic, subclinical inflammation of visceral adi-
pose tissue resulting in development of further inflammatory
processes and endothelial dysfunction®. Epicardial and myo-
cardial fat depots increase with degree of adiposity and con-
tribute to obesity-associated cardiac changes. Epicardial fat
thickness may serve as a predictor of myocardial fat content
better than waist circumference or traditional biochemical
markers’.

Metabolic and mechanical effect of fat

Cardiomyocytes and non-adipocytes have low fat-storage
capacity in patients with normal body mass index (BMI) va-
lues, while in obese patients they are exposed to high levels
of plasma lipids, which can lead to accumulation of triglyc-
erides in cardiomyocytes®’. Because of its anatomic loca-
tion, epicardial adipose tissue can locally modulate the myo-
cardium'"'. Ectopic visceral fat tissue are highly lipolytic. Im-
paired suppression of free fatty acids by insulin and higher
triglycerides level correlated with epicardial fat®*, more sig-
nificantly than in other fat depots'. Cardiac adipose tissue
acts as a source of cardiotoxic free fatty and pro-inflamma-
tory adipokines, which leads to myocardial fat accumula-
tion™ and causes cardiac steatosis with influence on myo-
cardial contractility and consequentually reduced myocar-
dial function™.

Various cell types in cardiac tissue namely, cardiomyocytes,
fibroblasts, endothelial cells and smooth muscle cells, inde-
pendently respond to autocrine, paracrine and endocrine ef-
fects of adipokines and contribute to the pathologic process
of myocardial matrix remodelling™. Extracellular matrix re-
modelling is an active process in which ultrastructure of
myocardium is altered, contributing to abnormalities in dias-
tolic fuction™. Matrix abnormalities in left ventricular hyper-
trophy (LVH) process includes neurohormones, bioactive
molecules and matricellular proteins that regulate extracellu-
lar matrix accumulation, synthesis and degradation through
effects on matrix metalloproteinase and tissue inhibitor of
metalloproteinase levels'.

Obesity related hypertension and cardiac
function

Adipocytokines contribute to development of hypertension in
obesity via sympathetic nervous system overactivity, endo-
thelial dysfunction and vasoconstriction, as well as via in-
creased sodium retention in kidneys". Both, haemodynamic
(hypertension) and non-haemodynamic neurohumoral fac-
tors (adipokines — leptin and adiponectin) have influence on
cardiac muscle remodelling and hypertrophy™*' affecting
both systolic and diastolic function of the left ventricle. Some
studies suggest that reduction of regional systolic function of
the heart directly correlates with hypertension parameters of
metabolic abnormality, such as epicardial fat accumulation,
triglycerides accumulation and insulin resistance®”. Some
other studies have shown that myocardial triglycerides con-
tent increases with age, thus contributing to development of
diastolic heart dysfunction regardless of BMI and blood
pressure values'* and causing changes in myocardial stiff-
ness and myocardial energy availability/bioenergetics®.

Leptin and adiponectin

Leptin is an adipokine which acts as a key factor for mainte-
nance of energy homeostasis in central and peripheral tis-
sues. Leptin is primarily synthesized by adipocyte, and can
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su pokazale da leptin igra kljuénu ulogu u debljinom po-
vezanim KVB?. Prema posljednjim istrazivanjima, leptin su-
djeluje u regulaciji metabolizma kardiomiocita direktnim i in-
direktinim mehanizmima, a ima i proaterogenetski i proupal-
ni u¢inak®. Perzistentna hiperleptinemija pridonosi dijelom
lipotoksi¢nosti u miokardu®, direktno inducirajuéi hipertrofiju
humanih i Zivotinjskih kardiomiocita®?, utjeuci na progre-
sivne promijene kompozicije miokarda te strukturu eks-
tracelularnog matriksa i fibrozu®. Profibrotski efekt leptina u
srcu primarno se manifestira predominacijom sinteze kola-
gena u odnosu na njegovu degradaciju®, direktno poveca-
vajuci aktivnost matriks metaloproteinaze i ekspresiju
mRNA putem aktivnosti janus-kinaze, ekstracelularne sig-
nalne kinaze i signalnih molekula®.

Adiponektin je adipokin sintetiziran u masnom tkivu, Ciji se
(AdipoR2). APPL1 je adaptorna molekula koja je u interak-
ciji s intracelularnim fragmntom AdipoR1 receptora te zbog
proSirene ekspresije APPL1 u brojnim tkivima, ostvaruju se
brojni ucinci adiponektina u razli¢itim tkivima®. Adiponektin
ima veliku klini¢ku vaznost obzirom na antidijabeti¢ni, antiin-
flamatorni i antiaterogeni u¢inak. Koncentracija adiponekti-
na je obrnuto proporcionalna stupnju debljine, dislipidemiji i
KVB®¥. Osim pozitivnog uc¢inka na djelovanje inzulina, adipo-
nektin djeluje kao protektor u aterosklerotskim procesima
djelujuci na adhezijske endotelne molekule, transformaciju
makrofaga u pjenusave stanice, modulaciju proliferacije
glatkin misi¢énih stanica i inhibiciju sekrecije TNF-alfa®. Pre-
ma posljednjim eksperimentalnim i klini¢ki istrazivanjima,
adiponektin ima znacajnu protektivhu ulogu u remodelaciji
kardiomiocita i hipertrofiji miokarda. Snizena koncentracija
adiponektina aktivira hipertroficni signal djelujuci na aktiv-
nost AMPK aktivnost*, HP-EGF aktivaciju® i ROS sustav®,
§to snizava adiponektin-posredovanu kardioprotekciju. Za-
klju¢no, protuupalni efekt je kljuéni bioloski u¢inak u kardio-
protekciji posredovanoj adiponektinom™.

Prema svim dostupnim podacima, moze se zakljuéiti da jo$
nije do kraja razjasnjen mehanizam utjecaja sistemske deb-
ljine i visceralnog kardijalnog masnog tkiva na poremecaj
kardiometabolizma i razvoj histoloskih i patofizioloskih po-
sljedica kardiomiocita i posljedi¢ne kardiomiopatije*.
Diskusija

Multiple sustavne metabolicke promjene (izmijenjen ucinak
inzulina, glikotoki¢nost i lipotoksi¢nost, povecana aktivnost
citokina, intrakardiomiocitni i/ili intersticijski depoziti trigliceri-
da*, aktivirani vaskularni ROS molekularni sustav*®, izmi-
jenjena aktivnost adipokina i osobito povecana aktivnost
leptina i snizena koncentracija adiponektina®) obiljezavaju
stanje debljine udruzeno sa suviskom ektopi¢nog kardijal-
nog masnog tkiva. Ovi multipli triger faktori poticu endotelnu
disfunkciju sistemskih, koronarnih i malih intramiokardijalnih
arterija®.

Rezerve miokardnih triglicerida su inertne. One infiltriraju
kardiomiocite i utjie¢u na molekularnu strukturu i funkciju®. S
metabolicke strane, hipertrigliceridemija perzistira kao po-
sliedica povecane beta oksidacije masnih kiselina u mito-
hondrijima i povecane koncentracije slobodnih masnih kise-
lina, posliedi¢no povecanoj lipolizi visceralne masti*. Medu-
proizvodi masnih kiselina ubrzavaju prirodne procese pro-
padanja kardiomiocita uzrokujuéi apoptozu, promjene u

nost mitohondrija®. S druge strane, mehanicki ucinak se os-
tvaruje u obliku tzv. pseudoinfiltrativnog ucinka, nakuplja-
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also be produced in cardiac tissue. In the heart, its effect are
mediated trough leptin receptors, via autocrine and paracri-
ne effects®. In most obese individuals, serum leptin levels
are increased and correlate with the individual’s BMI. Abun-
dant investigations ranging from clinical and animal model
studies to in vitro analyses show that leptin plays a pivotal
role in obesity-related CVD®. According to the latest re-
search, leptin regulates metabolism in cardiomyocytes via
direct and indirect mechanisms. It has proatherogenic and
proinflammatory effect®®. Persistant hyperleptinemia contri-
bute in part to lipotoxicity in the heart”, directly induce hy-
pertrophy in humans and rodent cardiomyocytes®?, induce
progressive changes in the myocardium composition and
structure of the extracellular matrix and fibrosis®. Profibrotic
effects of leptin in the heart manifest primarily trough the
predominance of collagen synthesis over degradation®, di-
rectly increase matrix metalloproteinase activity and mRNA
expression via Janus kinase activity, extracellular signal re-
gulated-kinase and signalling mechanisms™.

Adiponectin is an adipokine produced by adipose tissue with
receptors in the skeletal muscles ADIPOR1 and in the liver
ADIPOR2. APPL1, an adaptor molecule, interacts with the
intracellular fragment of AdipoR1. Ubiquitous expression of
APPL1 may reflect widespread relevance of adiponectin sig-
nalling in various tissues®. Adiponectin is of great clinical
significance due to its anti-diabetic, anti-inflammatory and
anti-atherogenic properties. High adiponectin levels are in-
versely correlated with obesity, dyslipidemia and CVD®. In
addition to its insulin sensitizing effects, adiponectin acts as
atherosclerosis protector by modulation of endothelial adhe-
sion molecules, transformation of macrophages into foam
cells, modulation of vascular smooth muscle cells prolifera-
tion and inhibition of TNF-alpha secretion®. According to the
latest experimental and clinical research, adiponectin can
have an important role in protection against cardiomyocyte
remodelling and cardiac hypertrophy. Decreased concentra-
tion of adiponectins activates hypertrophic signal in
cardiomyocytes, acting on adenosine monophosphate-acti-
vated protein kinase activity*, heparin binding-epidermal
growth factor activation® and reactive oxygen species®,
which decreases adiponectin-mediated cardioprotection.
Generally, anti-inflammation is a key biological action of
adiponectin in providing cardiovascular protection™.

To conclude, it remains unclear how obesity, systemic and
ectopic cardiac fat tissue along with disturbed cardiac meta-
bolism locally affect histological and pathophysiological
changes in cardiomyocites and consequential cardiomyopa-
thy*.

Discussion

Multiple systemic metabolic changes (including changed in-
sulin signalling, glyco- and lipotoxicity, increased cytokine
activity, intra-myocite and/or interstitial deposition of trigly-
cerides®, activated vascular reactive oxygen molecule sys-
tem**, changed adipokines activity and, particularly, increa-
sed leptin and decreased adiponectin level™®) occur in obesi-
ty accompanied with excess of ectopic cardiac fat. These
multiple factors trigger endothelial dysfunction of systemic,
coronary and small intramyocardial arteries®.

Myocardial triglycerides reserves are inert. They infiltrate
cardiomyocytes and affect both their molecular structure
and function®. Hypertriglyceridemia occurs as a conse-
quence of decreased beta oxidation of fatty acids in mito-
chondria and increased free fatty acids concentration follow-
ing increased visceral fat lipolysis™. Fatty acid intermediates
speed up natural processes of cardiomyocytes deteriora-
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njem proizvoda lipolize unutar kardiomiocita. Promjene u
krutosti i relaksacijskim mogucnostima nastaju kao rezultat
promjena sastava i svojstava miokarda, kao $to su intersti-

tion, causing apoptosis and changing the structure and func-
tion of their membranes and decreasing mitochondria func-
tionality®. Apart from metabolic effects, there is also me-

chanical effect in the form of accumulation of lipolysis pro-
ducts within cardiomyocytes and their pseudoinfiltrative ef-
fect. Changes in stiffness and relaxation properties may
occur as a result of changes in the composition and materi-
al properties of the myocardium, such as interstitial fibrosis
and matrix remodelling, LVH* or fatty infiltration causing
diastolic dysfunction of the left ventricle.

Epicardial and intramyocardial adipocytes also have a sig-

cijska fibroza i remodeliranje matriksa, HLK* i masna infil-
tracija koje zajedno uzrokuju dijastolicku disfunkciju lijeve
klijetke.

Epikardijski i intramiokardijalni adipociti imaju zna¢ajnu ulo-
gu, osobito otkako je poznat njihov endokrini u¢inak te mo-
gucénost molekularnog odgovora na poticajne metabolicke
signale Sto rezultira poremecenom produkcijom adipocitoki-

na. = .
nificant role, since they were proved to be powerful endo-
crine cells capable of responding to metabolic cues and

Zakljuéak transducing signals, which results in disturbed production of

adipocytokemokines.
Ektopicno visceralno kardijalno masno tkivo dovodi do:

1) mehanickih posljedica odlaganja triglicerida i slobodnih
masnih kiselina u kardiomiocitima — razvoj pseudoinfiltra-
tivne masne kardiomiopatije;

2) remodeliranja miokardnog matriksa, aktivacije hipertrofic-
nog i profibrotickog signala u miokardu s razvojem dijasto-
licke disfunkcije;

3) metabolickih promijena kardiomiocita — posljedica lo-
kalnog ucinka masti te adipocitokinske disregulacije i upale.

Conclusion

Ectopic visceral cardiac fat leads to:

1) mechanical consequences of depositing triglycerides and
free fatty acids in cardiomyocytes — development of pseu-
doinfiltrative fatty cardiomyopathy;

2) myocardium matrix remodelling, activation of hypertro-
phic and profibrotic effect in cardiomayocytes and myocar-
dium with diastolic dysfunction development;

3) metabolic changes in cardiomyocytes — consequence of

Py —— cytokemokine disregulation and inflammation.
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