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SaZetak

Godine 1967. Crepaldi je prvi zapazio da se u mnogo ljudi istovremeno po-
javljuju pretilost, dislipidemija, Secerna bolest i hipertenzija. Kasnih sedam-
desetih godina dvadesetog stoljeca njemacki su istrazivaci takvo nakupljanje
stanja nazvali metabolickim sindromom. Otada je taj sindrom opisivan pod
nekoliko naziva kao ,sindrom inzulinske rezistencije”, ,sindrom X", ,plurime-
tabolicki sindrom”, te ,metabolicki sindrom”. Sindrom zapravo predstavlja
viSekomponentnu bolest nastalu kombinacijom nacina Zivljenja i ¢imbenika
okoline, s time da su neke populacije pokazale geneticku podloZnost za razvoj

tog sindroma.

Metabolicki sindrom povecava rizik za kardiovaskularnu bolest i Secernu bo-
lest tipa 2. Nacionalni program obrazovanja o kolesterolu - Panel lijecenja
odraslih 11l (engl. National Cholesterol Education Program - Adult Treatment
Panellll, NCEP-ATP [ll) prepoznao je metabolicki sindrom kao skup abnormal-
nih stanja koja povecavaju rizik, kako za kardiovaskularnu bolest (KVB), tako i
za Secernu bolest tipa 2. Smjernice NCEP-ATP Il takoder su istaknule srediSnju
ulogu abdominalne pretilosti u razvoju tog sindroma.

Rastuca prevalencija sindroma ima vazne zdravstvene implikacije. Svaka sa-
stavnica metabolickog sindroma predstavlja potvrdeni ¢imbenik rizika za
KVB, no prisutnost mnogih komponenti rezultira vecim rizikom nego zbroj
rizika povezanih s pojedinacnim komponentama.

Dokazano je, primjerice, da su muskarci s istodobnom prisutno3¢u hiperin-
zulinemije nakon gladovanja, s povisenim koncentracijama apolipoproteina
B, te povisenim udjelom malih LDL-cestica imali 20 puta veci rizik razvijanja
KVB tijekom petogodidnjeg razdoblja pracenja u studiji, nego muskarci bez
tog skupa netradicionalnih biljega rizika. Usto, rizik za KVB povezan s tom
aterogenom metabolickom trojkom ostao je znacajan cak i nakon prilagodbe
za tradicionalne rizi¢ne ¢imbenike kao $to su koncentracije LDL-kolesterola,
triglicerida i HDL-kolesterola.

Procjena rizika ukljucuje listu bioloskih parametara u kojoj vaznu ulogu ima-
ju lipidi, posebice trigliceridi i HDL-Cestice. Tradicionalni ¢imbenici povezani s
metabolickim sindromom su pretilost, inzulinska rezistencija, hiperglikemija,
dislipemija, hipertenzija i mikroalbuminurija.
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Abstract

The observation that obesity, dyslipidemia, diabetes and hypertension occur
simultaneously in many people was first made by Crepaldi in 1967. In the late
1970s this clustering of conditions was termed “metabolic syndrome” by Ger-
man researchers. Since then the syndrome has been described under a num-
ber of guises as “Insulin resistance syndrome”, “Syndrome X, “Plurimetabolic
syndrome” and the “Metabolic syndrome”. The syndrome is a multi-compo-
nent disease brought on by combination of lifestyle and environmental fac-
tors, with some populations exhibiting a genetic susceptibility for its deve-
lopment.

Metabolic syndrome increases the risk of cardiovascular disease and type 2
diabetes. The National Cholesterol Education Program - Adult Treatment Pa-
nel Il (NCEP-ATP I1l) has recognized the metabolic syndrome as a cluster of
abnormalities increasing the risk for both cardiovascular disease (CVD) and
type 2 diabetes. The NCEP-ATP IIl guidelines have also underlined the central
role of abdominal obesity in the development of this syndrome.

The escalating prevalence of the syndrome has important health implications.
Each component of the metabolic syndrome is an established cardiovascular
disease risk factor, and the presence of multiple components confer greater
risk than the sum of the risks associated with the individual ones.

For instance, it has been shown that men with the simultaneous presence of
fasting hyperinsulinemia, elevated apolipoprotein B concentration and an
increased proportion of small LDL particles were characterized by a 20-fold
increase in the risk for developing CVD over the 5-year follow-up period of the
study, compared with men without this cluster of non-traditional risk mar-
kers. In addition, the risk of CVD associated with the atherogenic metabolic
triad remained significant even after adjustment for traditional risk factors
such as LDL-cholesterol, triglyceride and HDL-cholesterol levels.

Risk assessment includes a list of biological parameters wherein lipids play
an important role, especially triglycerides and HDL-particles. The traditional
factors associated with the syndrome are obesity, insulin resistance, hypergl-
ycemia, dyslipemia, hypertension and microalbuminuria.
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Metabolicki sindrom: sto sadrzi sam naziv?

Za sada ne postoji suglasnost u definiciji metabolickog
sindroma iako se gomilanje metabolickih abnormalnosti
kao sto su abdominalna pretilost, oSte¢eno podnosenje
glukoze te Secerna bolest tipa 2, dislipidemija i hipertenzi-
ja biljeze u nekih bolesnika ve¢ mnogo godina. Nedavno
je predlozeno jo3$ nekoliko sastavnica tog sindroma koje
ukljucuju vaskularnu upalu, hiperkoagulabilnost, hiperu-
rikemiju i mikroalbuminuriju. Prema Reavenu (1), nuzno
je razluciti metaboli¢ki sindrom kao dijagnosti¢ku kate-
goriju te metaboli¢ki sindrom kao patofizioloski entitet
koji oznacava skup srodnih metaboli¢kih abnormalnosti.
Tijekom proteklih 25 godina studije su pruzile dokaze da
je inzulinska rezistencija na razini misica i adipoznog tki-
va uobicajena abnormalnost koja povecava vjerojatnost
razvoja, ne samo Secerne bolesti tipa 2 u pojedinca, vec
i kardiovaskularne bolesti (KVB) (2). Pojam metaboli¢kog
sindroma promatranog kao prethodnika, kako $ecerne
bolesti tipa 2, tako i KVB, progresivno se pojavio uz sluz-
beno prepoznavanje Svjetske zdravstvene organizacije
(SZO) 1998. godine, te prepoznavanje NCEP ATP Il 2001.
godine koji je nedavno predloZio sluzbenu definiciju me-
taboli¢ckog sindroma.

Sindrom je visekomponentna bolest nastala kombina-
cijom nacina Zivota i ¢imbenika okoline, s time da neke
populacije pokazuju geneticku podloznost za razvoj me-
tabolickog sindroma. Tijekom godina objavljeno je ne-
koliko izvje$¢a u kojima je ukazano da je zajednicka sa-
stavnica inzulinska rezistencija, za koju se nagada da bi
djelomice mogla biti posredovana porastom slobodnih
masnih kiselina, pracenim pretjeranim stvaranjem cesti-
ca obogacenih trigliceridima i pove¢anim malim gustim
LDL-Cesticama.

U prospektivnoj Kardiovaskularnoj miuinsterskoj studiji
(PRO-CAM) ispitano je 4559 muskih sudionika na kardio-
vaskularne rizi¢ne ¢imbenike koji su zatim bili promatra-
ni radi biljezenja smrtnosti i kardiovaskularnih dogadaja,
ukljucujuci infarkt miokarda i mozdani udar. Zanimljivo je
da su rezultati pokazali da visoka koncentracija trigliceri-
da uz odsutnost visokog LDL-a/niskog HDL-a ne povecava
rizik za KVB.

Ako je, medutim, omjer LDL/HDL visi od 5, onda povise-
na koncentracija triglicerida predstavlja dodatni rizik (6).
Nadalje, vaznost trolista kojeg cine visoka koncentracija
triglicerida, nizak HDL i poviseni LDL-kolesterol podrzala
je nedavna analiza Helsinske studije srca (7). Razmotreni
zajedno, navedeni podatci ukazuju da sindrom hipertri-
gliceridemija/nizak HDL-kolesterol predstavlja snazan
¢imbenik rizika za nesmrtonosni infarkt miokarda ili smrt
zbog koronarne bolesti koji se ne bi zapazio kad bi se
utvrdivale samo koncentracije LDL-a. Za prakti¢ne se svr-
he ¢ini razumno temeljiti predvidanje rizika aterosklero-
zne koronarne bolesti te odluku o lije¢enju na potpunom

Metabolic syndrome and dyslipidemia

The metabolic syndrome: What'’s in the name?

There is currently no consensus definition of the meta-
bolic syndrome, although the clustering of metabolic ab-
normalities, such as central obesity, impaired glucose tol-
erance and type 2 diabetes, dyslipidemia and hyperten-
sion has been noted in certain patients for many years.
Recently more components of the syndrome have been
proposed, including vascular inflammation, hypercoagu-
lability, hyperuricemia and microalbuminuria. According
to Reaven (1) it is necessary to make a distinction between
metabolic syndrome as a diagnostic category and meta-
bolic syndrome as a pathophysiologic entity designating
a cluster of related metabolic abnormalities. Studies over
the last 25 years have provided the evidence that insulin
resistance at the level of muscle and adipose tissue was
the common abnormality that increased the likelihood of
an individual developing, not only type 2 diabetes, but
also cardiovascular disease (2). The concept of the meta-
bolic syndrome viewed as precursor to the development
of both type 2 diabetes and cardiovascular disease has
progressively emerged with a formal recognition by the
World Health Organization (WHO) in 1998 and the Nation-
al Cholesterol Education Program Adult Treatment Panel
lIl'in 2001 (NCEP ATP Ill), which has recently proposed a
formal definition of the metabolic syndrome.

The syndrome is a multi-component disease brought on
by combination of lifestyle and environmental factors,
with some populations exhibiting a genetic susceptibility
for its development. Over years several reports have been
published indicating that the common ingredient has
been insulin resistance, and it has been speculated that it
may be mediated in part by an increase in FFA accompa-
nied by an overproduction of triglyceride-enriched par-
ticles and increased small dense LDL particles.

In the prospective Cardiovascular Munster study (PRO-
CAM), 4559 male participants were examined for cardio-
vascular risk factors and kept under observation to record
mortality and cardiovascular events including myocardial
infarction and stroke. Interestingly, the results showed
that a high triglyceride level in absence of high LDL/low
HDL does not increase the risk of CHD.

However if the LDL/HDL ratio is higher than 5, then an
increased triglyceride level confers an additional risk (6).
The importance of the triad of high triglycerides, low HDL
and elevated LDL cholesterol has been further supported
by recent analysis of the Helsinki Heart Study (7). Taken
together, the above data suggest that hypertriglyceride-
mia/low HDL cholesterol syndrome constitutes a power-
ful risk factor for non-fatal myocardial infarction or coro-
nary artery disease death that would escape attention if
LDL levels alone were determined. For practical purpos-
es, it appears advisable to base risk prediction of athero-
sclerotic coronary artery disease and treatment decision
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spektru lipidnih pretraga, a ne samo na odredivanju kole-
sterola ili LDL-kolesterola.

Za razumijevanje uloge hiperlipemije u razvoju KVB vaz-
no je ispitati zbivanja na razini endotela. LDL-kolesterol
prolazi kroz endotel i modificira ga stimuliraju¢i makro-
fagni kemoatraktantni protein-1 (MCP-1) radi privlacenja
monocita, te takoder potice diferencijacije u makrofagi-
ma koji izrazavaju receptore Cistaca, a koji koriste lipide za
pjenaste stanice. Pjenaste stanice stvaraju ¢imbenike ra-
sta i proteinaze te takoder otpustaju citokine koji poticu
adhezijske proteine. HDL ima mnogostruke ucinke i moze
sprijeciti aterogeni proces na nekoliko razina. Najpozna-
tija je istjecanje kolesterola iz pjenastih stanica i sprje-
¢avanje nastanka pjenastih stanica. HDL takoder prijeci
oksidiraju¢u modifikaciju LDL-a unutar intime. Za HDL je
dokazano da koci citokinima pobudeni izrazaj adhezij-
skih proteina te inhibira MCP-1. HDL je takoder antitrom-
botican i antiapoptotican. Opce je prihvaceno da 1%-tni
porast HDL-kolesterola pretkazuje 1%-tno smanjenje ko-
ronarnih dogadaja, i to neovisno o promjenama u kon-
centraciji LDL-kolesterola.

Nofer je dokazao da HDL ima mnoge protuupalne ucin-
ke, kao 5to je to objasnjeno na primjerima eksperimental-
nih modela ateroskleroze te na stvarnim modelima upale.
ApoA-| i lizosfingolipidi su odgovorni za mnoge protuu-
palne ucinke HDL-a.

Oksidirani kolesterol lipoproteina male gustode moze
povecati izrazaj citokina (IL-163, TNF-q; IL-6 i IL-8) u endo-
telnim stanicama. Nakon tog dogadaja slijede vaskularne
molekule stani¢ne adhezije, VCAM-1 i ICAM-1. Izolirani
HDL i uspostavljeni HDL inhibiraju izrazaj tih citokina u
izoliranim endotelnim stanicama. U tijeku su daljnje stu-
dije diji je cilj razjasnjenje utjecaja HDL-a na izrazaj adhe-
zijskih molekula endotelnih stanica.

Inzulinska rezistencija i poremecaji lipida

Izmedu nekoliko uzroka, nagada se da bi inzulinska rezi-
stencija mogla biti djelomice posredovana povecanjem
slobodnih masnih kiselina (engl. free fatty acids, FFA) koje
inhibiraju signaliziranje postinzulinskog receptora i time
doprinose inzulinskoj rezistenciji. FFA mogu takoder biti
vazne odrednice metaboli¢kog sindroma, jer je njihova
koncentracija u tom stanju opcenito visoka (Slika 1). S ob-
zirom da je rezistencija na djelovanje ili gubitak inzulina
povezana s povecanom lipolizom, intraabdominalna ma-
snoca, koja je metabolicki vrlo aktivna, otpusta slobodne
masne kiseline u portalni optok. Jetra pretvara slobodne
masne kiseline u trigliceride, $to mozZe objasniti odnos
izmedu hipertrigliceridemije i metabolickog sindroma.
Povecana opskrba glukozom te prekomjerno stvaranje
VLDL-a povisuje koncentraciju cestica obogacenih tri-
gliceridima i dovodi do uzajamne izmjene masnih kiseli-
na: kolesterol-esteri se prenose na VLDL i hilomikronske

Biochemia Medica 2008;18(1):14-24
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on a full lipid profile rather than cholesterol alone or LDL-
cholesterol determination.

In order to understand the role of hyperlipemia in the
development of CHD, it is important to examine what
happens at the endothelial level. LDL-cholesterol passes
across the endothelium and is modified by stimulating
macrophage chemoattractant protein-1 (MCP-1) to re-
cruit monocytes, and also by stimulating differentiation
in macrophages which express scavenger receptors that
take up lipid to make foam cells. The foam cells produce
growth factors and proteinases and they also release
cytokines to stimulate adhesion proteins. HDL has mul-
tiple effects and can block the atherogenic process at
several levels. The best known is the efflux of cholesterol
from foam cells and the prevention of foam cell forma-
tion. HDL also prevents the oxidizing modification of LDL
within the intima. HDL has been shown to inhibit the cy-
tokine-induced expression of adhesion proteins and to
inhibit MCP-1. It is also anti-thrombotic and anti-apop-
totic. It has been generally accepted that 1% increase in
concentration of HDL-cholesterol predicts a 1% reduction
in coronary events, independent of the changes in LDL-
cholesterol.

Nofer has demonstrated that HDL exerts many anti-in-
flammatory effects, as illustrated in experimental mod-
els of atherosclerosis and in true models of inflammation.
ApoA-| and lysosphingolipids can account for many of
the anti-inflammatory effects of HDL.

Oxidized low-density lipoprotein cholesterol (ox-LDL)
may increase cytokine expression (IL-13, TNF-q; IL-6 and
IL-8) in endothelial cells. This event is followed by vas-
cular cell adhesion molecules, VCAM-1 and ICAM-1. Iso-
lated HDL and reconstituted HDL inhibit the expression
of these cytokines in isolated endothelium cells. Further
studies are underway to clarify the influence of HDL on
the expression of endothelial cell adhesion molecules.

Insulin resistance and lipid disorders

Among several causes of insulin resistance, it has been
speculated that it may be mediated in part by an increase
in free fatty acids (FFA) that inhibits post-insulin receptor
signalling and thus contributes to insulin resistance. FFA
may also be an important determinant of the metabolic
syndrome as their level is generally high in this condition
(Figure 1). As resistance to insulin action or insulin de-
privation is associated with increased lipolysis, intra-ab-
dominal fat, which is metabolically very active, releases
FFA into portal circulation. The liver converts FFA into tri-
glycerides and this may explain the relationship of hyper-
triglyceridemia and the metabolic syndrome. Increased
supply of glucose and overproduction of VLDL raises the
concentration of triglyceride-enriched particles, leading
to a reciprocal exchange of fatty acids: cholesterol-esters
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SLIKA 1. Mehanizmi koji se odnose na inzulinsku rezistenciju i dislip-
idemiju

ostatke, a trigliceridi na LDL- i HDL-Cestice radi stvaranja
malih gustih LDL i HDL. Te su guste Cestice dobro poznate
po svom visokom aterogenom potencijalu.

Uz postojece farmakoloske lijekove koji se koriste za sma-
njenje inzulinske rezistencije, vjezbanje i gubitak tezine
predstavljaju klju¢ne korake jer su Siroko provedivi i pri-
licno jeftini. VjeZzbanjem se povecavaju receptori GLUT-4
u skeletnim misi¢ima zbog uporabe glukoze, uz smanje-
nje inzulinske rezistencije.

Nekoliko ¢imbenika rasta i citokina moze modulirati si-
gnaliziranje inzulinskog postreceptora. Dok IGF-1 pove-
¢ava djelovanje inzulina posredovano stani¢nim recepto-
rom, ¢ini se da slobodne masne kiseline, TNF-a (proupal-
ni citokin kojega uglavnom stvaraju aktivirani makrofagi),
te leptin imaju suprotan ucinak (8). TNF-a oslabljuje inzu-
linsko signaliziranje serinskom fosforilacijom IRS-1 te inhi-
bira aktivnost inzulinskog receptora tirozinske kinaze, $to
pak dovodi to oslabljenog daljnjeg signaliziranja (5). Kako
je koncentracija TNF-a u plazmi povisena kod pretilosti,
sepse i karcinoma, ta Cinjenica moze djelomice objasniti
zasto bolesnici koji se prijavljuju s tim stanjima ¢esto ima-
ju abnormalan metabolizam glukoze. Cini se da je djelo-
vanje leptina na odlaganje glukoze neodredenije u pove-
¢anju fosforilacije IRS-1 i IRS-2; s druge strane, Cini se da je
leptin povezan s inzulinskom rezistencijom, jer je u preti-
lih ljudi utvrdena snazna korelacija izmedu koncentracija
leptina u plazmi i inzulinske rezistencije, koja inhibira si-
gnaliziranje i djelovanje postreceptorskog inzulina.

Lipidni ¢cimbenici rizika

Jedan od glavnih rizi¢nih ¢imbenika u metabolickom sin-
dromu jest dislipidemija koja moze biti povezana s pro-
mijenjenim spektrom lipoproteina i s modificiranim lipo-
proteinima.

TG L
Apo A ---»

1
Kidney

FIGURE 1. Mechanisms relating to insulin resistance and dyslipidemia

are transferred to VLDL and chylomicron remnants, while
triglycerides are transferred to LDL and HDL particles to
form small-dense LDL and HDL. These dense particles are
well known for their high atherogenic potential.

Besides available pharmacological remedies used to de-
crease insulin resistance, exercise and weight loss repre-
sent the key steps as they are widely implemental and
rather inexpensive. Exercising increases GLUT-4 receptors
in skeletal muscles using glucose with a reduction in insu-
lin resistance.

Several growth factors and cytokines can modulate in-
sulin post-receptor signaling. While IGF-1 enhance insu-
lin action mediated by its cellular receptor, FFA, TNF-a (a
pro-inflammatory cytokine mainly produced by activat-
ed macrophages), and leptin seem to have the opposite
effect (8). TNF-a impairs insulin signaling by serine phos-
phorylation of IRS-1 and inhibits insulin receptor tyrosine
kinase activity, which leads to impaired downstream sig-
naling (5). As TNF-a plasma concentration is increased in
obesity, sepsis and cancer, this may in part explain why
patients presenting with these conditions often exhibit
abnormal glucose metabolism. The action of leptin on
glucose disposal seems to be more equivocal in increas-
ing phosphorylation of IRS-1 and IRS-2; on the other hand,
leptin seems to be associated with insulin resistance as a
strong correlation has been found between plasma leptin
levels and insulin resistance in obese people, inhibiting
post-receptor insulin signaling and action.

Lipid risk factors

One of the major risk factors in metabolic syndrome is dy-
slipidemia which can be related to a changed lipoprotein
spectrum and to modified lipoproteins.

A first step in separation and identification of serum li-
poprotein classes was ultracentrifugation. Goffman and

Biochemia Medica 2008;18(1):14-24
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Prvi korak u odvajanju i identifikaciji razreda lipoproteina
u serumu bio je ultracentrifugiranje. Goffman i Lindgren
prvi su odvojili serumske lipoproteine u razli¢ite razrede
prema gustodi, a na temelju gradijenata gustoce (Slika 2).
Oni su uspjeli karakterizirati veli¢ine Cestica i povezati ih
s rizikom kod koronarnih dogadaja. Trebalo je ¢ekati sve
do danasnjeg doba da bismo $to bolje razumjeli odnos iz-
medu fizickih parametara molekula i rizika bolesti. Izazov
u buducnosti jest istraziti utjecaj fizickih parametara neke
Cestice na razvoj bolesti, pronaci metode za dijagnosticke
mogucdnosti, te ispitati nacine lije¢enja.
Ultracentrifugiranje koje su pedesetih godina dvadese-
tog stoljeca (tj. 1952.) proveli Goffman i Lindgren, a uveo
Svedberg, postalo je referentnom metodom za razdvaja-
nje lipoproteina te jo$ uvijek predstavlja zlatni standard
za separaciju, identifikaciju i klasifikaciju lipoproteina.
Lipoproteini se karakteriziraju prema velicini Cestica A),
rasponu gustoce (gm/mL), brzini flotacije (Sf), te koncen-
tracijama (mg/mL). Od uvodenja te metode znamo da su
LDL-lipoproteini prisutni u vecini kardiovaskularnih do-
gadaja, a za HDL se smatra da stiti od kardiovaskularne
bolesti.

ULTRACENTRIFUGAL COMPOSITION OF HUMAN SERA

Metabolic syndrome and dyslipidemia

Lindgren were the first to separate serum lipoproteins in
different density classes based on density gradients (Fig-
ure 2).

They were able to characterize particle sizes and relate
them to the risk in coronary heart events. We have had
to wait till now to understand more about the relation-
ship between physical parameters of molecules and the
risk for disease. It is a challenge for the future to explore
the influence of physical parameters of a particle on the
development of a disease, to find methods for diagnostic
possibilities and also to explore the ways of treatment.
Ultracentrifugation performed by Gofman and Lindgren
in the 1950s (i.e. in 1952) and introduced by Svedberg be-
came the reference method for lipoprotein separation
and is still the golden standard for lipoprotein separation,
identification and classification. They are characterized by
the size of particles A), density range (gm/mL), flotation
rate (Sf) and concentrations (mg/mL). Since the introduc-
tion of this method, we have known that LDL lipoproteins
are present in most cardiovascular events and that HDLs
are considered protective against CVD.

Jigh densityAkUItracentrifugaI
Lipoproteins residue
<~————— flotdion Rate (S) ~—
105 105 105 400 100 20 12 0
+
2 3 d
dx
\\ \
\ 5 10 20
™~ I T
——S Rate —
1.007 1.063 1.200

s gm/ml gm/ml
— @ | sty

5000A 700A  400A  300A 200A 100A 78A  ~150Ax38A
MOLECULAR DIAMETER (ASSUMED SPHERICAL)
‘ 18
~— 0-50 | 260 364—>‘X -— %61»‘4178 | 6000
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gm/ml

SLIKA 2. Prikaz lipoproteina u plazmi nakon ultracentrifugiranja, kara-
kterizacija prema veli¢ini A), rasponu gustoce (g/mL), koncentraciji
(mg/100 mL) i postotku flotacije (Sf).
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FIGURE 2. Ultracentrifugation image of plasma lipoproteins, Charac-
terized in size (A), density range (g/mL), concentration (mg/100 mL)
and flotation rate (Sf).
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Ukupni kolesterol ne predvida toc¢no rizik od kardiovasku-
larne bolesti; odluka o lijec¢enju temelji se na LDL-koleste-
rolu, no heterogenost LDL-a takoder treba uzeti u obzir.
Male guste LDL-cestice su aterogenije nego velike, lagane
LDL-¢estice, dok oksidirane LDL cestice (ox-LDL) takoder
povecavaju aterogenost. Dimenzije ¢estica uskoro ce po-
stati dijagnostickim pomagalom. Gel-elektroforeza u gra-
dijentu bez primjene denaturirajucih uvjeta uobicajeno se
koristi za karakterizaciju razdiobe velic¢ine cestica. Gel-fil-
tracijska kromatografija visoke ucinkovitosti te nuklearna
magnetna rezonancijska (NMR) spektroskopija odnedav-
no se koriste za odredivanje velic¢ine LDL-Cestica. Razlici-
te metode ultracentrifugiranja radi gradijenta gustoce u
uporabi su za karakterizaciju postotka flotacije LDL-a, dok
se nekoliko metoda koristi na nepovezanim gradijentima
soli radi odredivanja LDL-podrazreda na temelju gustoce.
Razli¢ite metode odredivanja LDL-podrazreda pokazuju
visoki stupanj korelacije unato¢ tome $to mjere razlicita
fizikalna svojstva LDL-a.

Novi postupak iskoristava ono $to se ¢ini prirodnim, no
¢emu se opcenito nije pridavalo dovoljno pozornosti, tj.
protonske NMR spektroskopske razlike koje iskazuju li-
poproteinske Cestice razli¢itih velic¢ina. Taj je novi proces
do sada uvelike zavrsen. Primjenom NMR-analizatora sa
zasebnim poljem srednje jakosti (360 MHZ) postignuta je
rutinska kvantifikacija 15 razlic¢itih podrazreda VLDL, LDL
i HDL unutar oko jedne minute. U Europskom prospektiv-
nom istrazivanju karcinoma i prehrane (studija EPIC) (9)
istrazivan je, pomoc¢u NMR-a, odnos izmedu broja i velici-
na LDL-Cestica, zajedno s koncentracijom LDL-kolesterola
i rizikom za buducu koronarnu bolest. Veli¢ina LDL ¢esti-
ca bila je povezana s koronarnom boles¢u takoder nakon
prilagodbe za koncentraciju LDL-kolesterola. Na slici 3.
NMR-profili razdiobe lipoproteina u dva bolesnika sred-
nje dobi (A i B) ilustriraju koliko razli¢iti mogu biti temeljni
metabolicki status i povezani rizik za KVB kod dvoje ljudi
s prakticki istovjetnim koncentracijama LDL- i HDL-kole-
sterola, no s razli¢itim rizikom za KVB (Slika 3).

Nuklearna magnetna rezonancijska spektroskopija mjeri
koncentraciju lipida u plazmi za vecinu lipoproteina te se
moze koristiti za procjenu koncentracije Cestica. Tom se
tehnikom takoder mjeri velic¢ina lipoproteinske cestice. U
kohorti Zena srednje dobi, u studiji zenskog zdravlja, do-
kazana je visoka znacajnost kardiovaskularnih dogadaja
i broja Cestica ¢ak i nakon prilagodbe za kolesterol/HDL
i trigliceride; medutim, za samu veli¢inu Cestice nije utvr-
deno da doprinosi rizicnim dogadajima. Unato¢ tome,
postoji izravan odnos izmedu veli¢ine LDL-Cestice i po-
stotka ox-LDL-a (10).

Male LDL-Cestice su podloznije oksidaciji, a ox-LDL je ne-
ovisan rizi¢ni ¢imbenik za KVB. Odnos izmedu ox-LDL-a i
razli¢itih sastavnica metabolickog sindroma ispitan je u
populacijskoj studiji koja je obuhvatila 3030 osoba s nor-
malnim funkcijama starih izmedu 30 i 75 godina. Takoder
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Total cholesterol does not accurately predict the risk of
CVD, the decision on treatment is based on LDL-choles-
terol, but LDL heterogeneity may also be taken into ac-
count. Small dense LDL particles are more atherogenic
than large, buoyant LDL particles, and ox-LDL also in-
creases atherogenicity. Particle dimensions are very soon
to become a diagnostic tool. Gradient gel electrophore-
sis without the use of denaturing conditions is commonly
applied to characterize particle size distribution. High-
performance gel-filtration chromatography and nucle-
ar magnetic resonance (NMR) spectroscopy have been
recently applied for determinations of LDL particle size.
Different methods of density gradient ultracentrifuga-
tion have been used to characterize LDL flotation rates,
and several methods have been employed on discontinu-
ous salt gradients to determine LDL subclasses based on
density. Various methods of determining LDL subclasses
show a high degree of correlation despite the fact that
they measure different physical properties of LDL.

The new procedure exploits what appears to be natural
but has generally been unappreciated, i.e. proton NMR
spectroscopic differences exhibited by lipoprotein parti-
cles of different sizes. The new process has now largely
been complete. Using a dedicated intermediate-field (360
MHZ) NMR analyzer, routine quantification of 15 different
subclasses of VLDL, LDL and HDL has been achieved in
about one minute. In the European Prospective Investi-
gation into Cancer and Nutrition (EPIC Study) (9), the re-
lationship between LDL particle number and sizes were
studied by NMR, together with LDL-cholesterol concen-
tration and the risk of future coronary artery disease. LDL
particle number was related to CAD also after adjustment
for LDL-cholesterol concentration. In figure 3, NMR profiles
of lipoprotein distribution of two middle-aged patients (A
and B) illustrate how different the underlying metabolic sta-
tus and associated risk of CHD can be for two people who
have virtually identical LDL and HDL cholesterol levels with,
however, differences in CVD risk (Figure 3).

Nuclear magnetic resonance spectroscopy measures the
plasma concentration of lipids in most lipoproteins, and it
can be used to estimate particle concentration. The tech-
nique also measures the size of the lipoprotein particle.
In a cohort of middle-aged women in Women’s Health
study, high significance between cardiovascular events
and particle numbers has been shown also after adjusted
cholesterol/HDL and triglycerides; however, the particle
size alone was not determined to be a contributor to risk
events. Nevertheless, there is a direct relation between
the size of the LDL particle and the rate of ox-LDL (10).
Small LDL particles are more susceptible to oxidation and
ox-LDL is an independent risk factor for CVD. The relation-
ship between ox-LDL and different components of meta-
bolic syndrome has been examined in a population study
of 3.030 normal functioning individuals between 30 and
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SLIKA 3. NMR-profili razdiobe lipoproteina u bolesnika A i B

je procijenjena tezina pojedina¢nih komponenti sindro-
ma (11). Ox-LDL se mjeri u odnosu na omjer vjerojatno-
sti nastanka kardiovaskularne bolesti. Koncentracije ox-
LDL-a porasle su, ne samo kao funkcija broja sastavnica

FIGURE 3. NMR profiles of lipoprotein distribution of patients A and B

75 years of age. Also, the severity of individual compo-
nents was evaluated (11).

Ox-LDL was measured against ODS ratio of cardiovascular
disease. The ox-LDL levels increased not only in function

oxLDL (mg/dL)

(L

<0.0001

<0.0001
<0.0001

<0.001

SLIKA 4. Ox-LDL u funkciji sastavnica metaboli¢kog sindroma. 0 =
kontrolna skupina ispitanika; 1 = ispitanici s jednom komponentom
metaboli¢ckog sindroma (npr. visoki LDL-kolesterol); 2 = ispitanici s
dvije komponente metabolickog sindroma (npr. visoki LDL-kolesterol
i hipertenzija); 3 = ispitanici s tri komponente metaboli¢kog sindroma
(npr. visoki LDL-kolesterol, hipertenzija i Secerna bolest) itd.
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FIGURE 4. Ox-LDL in function of the metabolic syndrome components.
0 = control group of subjects; 1 = subjects with one component of the
metabolic syndrome (e.g. high LDL-cholesterol); 2 = subjects with two
components of the metabolic syndrome (e.g. high LDL-cholesterol and
hypertension); 3 = subjects with three components of the metabolic
syndrome (e.g. high LDL-cholesterol, hypertension and diabetes mel-
litus) etc.
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metabolickog sindroma, vec i u funkciji tezine pojedinac-
nih sastavnica (Slika 4). Monoklonsko antitijelo mAB-4E6,
koje se stvara radi neoepitopa u aldehidu supstituiranom
s apo-B 100 u miseva, koristi se u ELISA-kompeticiji za
odredivanje cirkuliraju¢eg ox-LDL-a. Mozemo zakljuditi
da se ox-LDL moze koristiti kao biljeg za analizu kardiova-
skularnog rizika u metabolickom sindromu (11).

Metabolicki sindrom: uloga i vaznost
lipidnih sastavnica

Nedavni su dokazi pokazali da je prisutnost metaboli¢ckog
sindroma povezana s povecanim rizikom od razvoja koro-
narne bolesti (KB), infarkta miokarda, te mozdanog udara
u oba spola. Takav znatno povisen rizik kardiovaskularnog
pobolaismrtnosti povezanih s prisutnos¢u metaboli¢ckog
sindroma ¢ini se neovisnim o drugim znacajnim, potenci-
jalno zbunjuju¢im ¢imbenicima kao $to su pusenje, kon-
centracije LDL-kolesterola u plazmi ili uzimanje alkohola.
Dislipidemija je sastavni dio metabolickog sindroma, jer
obje definicije uklju¢uju hipertrigliceridemiju (definira-
nu kao koncentracija triglicerida u serumu > 150 mg/dL)
i niske koncentracije HDL-kolesterola (definirane prema
NCEP ATP Ill kao HDL-kolesterol < 40 mg/dL za muskarce
i < 50 mg/dL za zene, te prema SZO kao HDL-kolesterol
< 35 mg/dL za muskarce i < 40 mg/dL za Zene) kao obi-
ljezja sastavnica sindroma. Osobe s metaboli¢kim sindro-
mom, osobito one s abdominalnom pretilos¢u, pokazuju
visoko aterogeni profil lipida koji moze biti odgovoran za
visok rizik za KVB. | sredisnje nakupljanje masnoca, kao i
prisutnost inzulinske rezistencije, povezani su sa skupom
dislipidemijskih svojstava, tj. povisenom koncentracijom
triglicerida u plazmi, porastom lipoproteina vrlo niske gu-
stoce (VLDL) te lipoproteina srednje gustoce (IDL), prisut-
no$¢u malih gustih LDL-Cestica i smanjenim HDL-koleste-
rolom. Za te je abnormalnosti metabolizma lipoproteina
vjerojatnije da e se pojaviti zajedno, a ne odvojeno, te
one cine klju¢na obiljezja sastavnica metaboli¢kog sin-
droma.

Nedavne su prospektivne studije ukazale da su poviseni
trigliceridi neovisan ¢imbenik rizika u KVB. Hipertriglice-
ridemija je povezana s nekoliko aterogenih ¢imbenika,
ukljucujuci povisene koncentracije trigliceridima bogatih
lipoproteina i aterogeni lipoproteinski fenotip, koji se sa-
stoji od malih gustih LDL-Cestica te niskog HDL-koleste-
rola. Cimbenici koji doprinose hipertrigliceridemiji u op-
¢oj populaciji obuhvacaju pretilost, prekomjernu tezinu,
fizicku neaktivnost, pretjerani unos alkohola, prehranu
bogatu ugljikohidratima, Secernu bolest tipa 2, te neke
druge bolesti (npr. kroni¢no zatajivanje bubrega, ne-
frotski sindrom), odredene lijekove (npr. kortikosteroide,
estrogene, retinoide, visoke doze adrenergickih blokira-
jucih agenasa), te geneticke poremecaje (obiteljska kom-
binirana hiperlipidemija, obiteljska hipertrigliceridemija

Metabolic syndrome and dyslipidemia

of the number of metabolic syndrome components but
also in function of the severity of individual components
(Figure 4). Monoclonal antibody mAB-4E6 formed against
a neo-epitope in the aldehyde substituted by apo-B 100
in mice is used in the ELISA competition for determina-
tion of circulating ox-LDL. As a conclusion, ox-LDL can be
used as a marker for the analysis of cardiovascular risk in
metabolic syndrome (11).

Metabolic syndrome: the role and
importance of lipid components

Recent evidence has shown that the presence of meta-
bolic syndrome is associated with an increased risk of
coronary heart disease (CHD), myocardial infarction, and
stroke in both sexes. This substantially increased risk of CV
morbidity and mortality associated with the presence of
metabolic syndrome appears independent of other sig-
nificant, potentially confounding factors such as smoking,
plasma LDL cholesterol levels or alcohol consumption.
Dyslipidemia is an integral part of metabolic syndrome
since both definitions include hypertriglyceridemia (de-
fined as serum triglycerides > 150 mg/dL) and a low HDL
cholesterol concentration (defined as HDL-cholesterol <
40 mg/dL for men and < 50 mg/dL for women by NCEP
ATP Ill, or HDL-cholesterol < 35 mg/dL for men and < 40
mg/dL for women by WHO) as components. Individuals
with metabolic syndrome, particularly those with abdo-
minal obesity, exhibit a highly atherogenic lipid profile
which may account for their high risk of CVD. Central fat
accumulation and the presence of insulin resistance have
both been associated with a cluster of dyslipidemic fea-
tures, i.e., elevated plasma triglyceride level, an increase
in very-low-density lipoprotein (VLDL) and intermedia-
te-density lipoprotein (IDL), the presence of small dense
LDL particles, and a decrease in HDL-cholesterol. These
abnormalities of lipoprotein metabolism are more likely
to occur together than separately and constitute the key
component traits of the metabolic syndrome.

Recent prospective studies indicate that elevated trigl-
ycerides are an independent risk factor in CHD. Hyper-
triglyceridemia is associated with several atherogenic
factors including increased concentrations of triglyceri-
de-enriched lipoproteins and the atherogenic lipopro-
tein phenotype consisting of small dense LDL particles
and low high-density lipoprotein (HDL) cholesterol. The
factors contributing to hypertriglyceridemia in general
population include obesity, overweight, physical inacti-
vity, excess alcohol intake, high-carbohydrate diet, type
2 diabetes, and some other diseases (e.g. chronic renal
failure, nephrotic syndrome), certain drugs (e.g. cortico-
steroids, estrogens, retinoids, high doses of adrenergic
blocking agents), and genetic disorders (familial combi-
ned hyperlipidemia, familial hypertriglyceridemia, and
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te obiteljska disbetalipoproteinemija). U svakodnevnoj se
praksi povisena koncentracija triglicerida u serumu po-
glavito zapaza u osoba s metabolickim sindromom. Mno-
ge su prethodne studije ukazale da je hipertrigliceride-
mija snazno povezana sa svim sastavnicama metaboli¢-
kog sindroma. Bolesnici s metabolickim sindromom koji
imaju hipertrigliceridemiju najces¢e pokazuju povisenu
koncentraciju lipoproteina bogatih trigliceridima koji se
smatraju aterogenima. To su djelomi¢no razgradeni VLDL
koji se uobicajeno nazivaju ,ostatnim lipoproteinima“.
VLDL je u klinickoj praksi najlakse dostupna mjera atero-
genih ostatnih lipoproteina. Zbog toga VLDL-kolesterol
moze biti cilj terapije za snizenje kolesterola. U nedavnim
je smjernicama ustanovljen zbroj LDL + IDL + VLDL-kole-
sterola (nazvan ,ne-HDL-kolesterol” [ukupan kolesterol
- HDL-kolesterol]) kao sekundarni cilj terapije u osoba s
hipertrigliceridemijom (Tablica 1).

Nizak HDL-kolesterol

Niske koncentracije HDL-kolesterola povezane su s po-
vecanim rizikom koronarne bolesti. Taj je odnos zapazen
bez obzira na dob, vrijednost krvnog tlaka, pretilost, te
koncentracije ukupnog ili LDL-kolesterola. Izraz ,izolira-
ni niski HDL" koriSten je za opisivanje situacije u kojoj se
ukupan ili LDL-kolesterol smatra normalnim, no HDL-ko-
lesterol je nizak. Dugotrajno pracenje ispitanika s niskim
HDL kolesterolom pokazalo je da je njihov rizik razvija-
nja koronarne bolesti slican riziku u ispitanika s povise-
nim ukupnim ili LDL-kolesterolom. Nizak HDL-kolesterol
je najsnazniji pretkazatelj nadolazecih kardiovaskularnih
dogadaja u bolesnika s angiografski potvrdenom koro-
narnom boles¢u te koncentracijama ukupnog kolestero-
la unutar normalnog raspona. Prema sadasnjim smjerni-
cama, prisutnost niskog HDL-kolesterola treba smatrati
glavnim ¢imbenikom rizika za razvoj koronarne bolesti,
koji modificira cilj terapije snizenja LDL-a i koristi se kao
rizi¢ni ¢imbenik za procjenu 10-godisnjeg rizika za koro-

TaBLICA 1. Abnormalnosti povezane s hipertrigliceridemijom u meta-
boli¢ckom sindromu.
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familial dysbetalipoproteinemia). In daily practice, eleva-
ted serum triglycerides are predominantly observed in
persons with metabolic syndrome. Many previous studi-
es have indicated that hypertriglyceridaemia is strongly
associated with all metabolic syndrome components. Pa-
tients with metabolic syndrome who have hypertriglyce-
ridemia most often exhibit elevated level of triglyceride-
enriched lipoproteins which are considered atherogenic.
Actually, those are partially degraded VLDL, commonly
called “remnant lipoproteins”. In clinical practice, VLDL
cholesterol is the most readily available measure of athe-
rogenic remnant lipoproteins. Thus, VLDL cholesterol can
be a target of cholesterol-lowering therapy. Recent gui-
delines have identified the sum of LDL + IDL + VLDL cho-
lesterol (termed “non-HDL cholesterol” [total cholesterol
minus HDL cholesterol]) as a secondary target of therapy
in persons with hypertriglyceridaemia (Table 1).

Low HDL-cholesterol

Low levels of HDL-cholesterol are associated with increa-
sed risk of coronary artery disease (CAD). This relationship
has been observed irrespective of age, blood pressure
level, obesity, total cholesterol or LDL-cholesterol levels.
The term “isolated low HDL" has been used to describe
the situation where total cholesterol or LDL-cholesterol
are considered normal but HDL-cholesterol is low. Long-
term follow-up of subjects with low HDL-cholesterol has
demonstrated that their risk of developing CAD is simi-
lar to the risk in subjects with elevated total cholesterol
or LDL-cholesterol. Low HDL-cholesterol is the strongest
predictor of subsequent cardiovascular events in pati-
ents with angiographically confirmed CAD and the levels
of total cholesterol within normal range. According to
current guidelines, the presence of low HDL-cholesterol
should be considered a major cardiovascular risk factor
which modifies the goal for LDL-lowering therapy and is
used as a risk factor to estimate the 10-year risk for CHD.

TABLE 1. Abnormalities associated with hypertriglyceridemia in meta-
bolic syndrome.

Hypertriglyceridemia and CHD Risk: Associated abnormalities

«  Accumulation of chylomicron remnants

« Accumulation of VLDL remnants

- Generation of small, dense LDL-cholesterol
« Association with low HDL-cholesterol

+ Increased coagulability

-1 plasminogen activator inhibitor (PAI-1)

-7 factor Vlic

- Activation of prothrombin to thrombin
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narnu bolest. Postoji vise uzroka niske koncentracije HDL-
kolesterola, od kojih je nekoliko povezano s inzulinskom
rezistencijom, tj. povisenim trigliceridima, prekomjernom
tezinom i pretiloscu, fizickom neaktivnoscu te Se¢ernom
bolesti tipa 2. Kombinacija niskog HDL-kolesterola i povi-
Sene koncentracije triglicerida u plazmi stoga se smatra
inzulinsko-rezistentnim stanjem. Treba napomenuti da
odredeni lijekovi takoder snizavaju koncentraciju HDL-
kolesterola (npr. beta-blokatori, anaboli¢ni steroidi, pro-
gestacijski agensi). Unato¢ tome, niski HDL-kolesterol je
vazno obiljezje sastavnica metaboli¢kog sindroma i za-
sluzuje pomnu klinicku pozornost i obradu jer bolesnici
s tim obiljezjem imaju visok rizik za KVB. Omjer ukupni-/
HDL-kolesterol je dobro poznati pretkazatelj rizika za KVB.
Nedavno smo pokazali da su muskarci s hipertrigliceri-
demicnim fenotipom struka imali znatno povisen omjer
ukupnog-/HDL-kolesterola u usporedbi s muskarcima
bez tog fenotipa. U toj je studiji samo 3% muskaraca s op-
segom struka < 90 cm i koncentracijama triglicerida < 2,0
mmol/L imalo omjer ukupnog-/HDL-kolesterola 6 ili vise.
Medutim, kod gotovo 50% ispitanika s hipertrigliceride-
mi¢nim fenotipom struka taj je omjer bio iznad 6. Sli¢ni su
zakljucci postignuti i za druge ispitivane populacije. Broj i
veli¢ina HDL-Cestica takoder imaju vaznu ulogu poveza-
nu s rizikom koronarne bolesti u metaboli¢ckom sindro-
mu. Za molekule HDL-a dokazana je najznacajnija uloga u
dislipidemiji, no postoje jos uvijek mnoga neodgovorena
pitanja: sto regulira koncentraciju, subpopulacije i funkci-
je HDL-a? Kardioprotektivna funkcija HDL-a je nepoznata,
kao i funkcija HDL-koncentracije. Koji je relativan doprinos
istjecanja kolesterola, antioksidacijskih osobina, te uloga
protuupalnih karakteristika podvrsta HDL-a? Nadalje, ne
postoje podatci kojima bi se objasnio odnos izmedu pre-
komjerne tezine i pusenja te niskog HDL-a.

Zakljucak

Metaboli¢ki sindrom predstavlja skupljanje ¢imbenika
kardiovaskularnog rizika koji su povezani s inzulinskom
rezistencijom (12). S obzirom da je inzulinska rezistencija
neovisan rizi¢ni ¢cimbenik kardiovaskularne bolesti, njena
prisutnost moze dovesti do makrovaskularnih komplika-
cija mnogo prije ocitovanja ostalih obiljeZja metaboli¢-
kog sindroma.

Vrlo je vazno prepoznati da visoki LDL ili visoki ukupni ko-
lesterol nisu sastavnice metabolickog sindroma. U stva-
ri, vrijednosti LDL-a Cesto su ispodprosjecne u bolesnika
s metabolickim sindromom. Lije¢nici stoga moraju biti
svjesni da bolesnici jos uvijek mogu imati visoki rizik kar-
diovaskularne bolesti ¢ak i ako imaju nizak LDL ili ukupni
kolesterol. U biti, metabolicki se sindrom moze formulira-
ti kao ,ne-LDL-na” vrsta rizika, no uz istu vaznost u prepo-
znavanju i lije¢enju. Pojavnost metaboli¢ckog sindroma je
u porastu u citavoj Europi i Sjevernoj Americi usporedo s

Metabolic syndrome and dyslipidemia

A low HDL-cholesterol level has several causes, some of
which are associated with insulin resistance, i.e. elevated
triglycerides, overweight and obesity, physical inactivity,
and type 2 diabetes. The combination of a low HDL-cho-
lesterol with elevated plasma triglyceride level has there-
fore been considered an insulin-resistant state. It should
be noted that certain drugs also reduce the level of HDL-
cholesterol (e.g. beta-blockers, anabolic steroids, proge-
stational agents). Nevertheless, low HDL-cholesterol is an
important component trait of metabolic syndrome and
deserves close clinical attention and management since
patients with this trait are at a high risk for CVD. The total
cholesterol/HDL-cholesterol ratio is a well known predic-
tor of CHD risk. We have recently shown that the men cha-
racterized by the hypertriglyceridemic waist phenotype
had a substantially elevated total cholesterol/HDL-chole-
sterol ratio compared with those without this phenotype.
In this study, only 3% of men with waist circumference
< 90 cm and triglyceride levels < 2.0 mmol/L had a total
cholesterol/HDL-cholesterol ratio of 6 or higher. However,
almost 50% of subjects characterized by the hypertrigl-
yceridemic waist phenotype had a ratio above 6. Similar
conclusions have been reached in other study populati-
ons. The number and size of the HDL particles also play
important roles in the risks of cardiovascular events in
metabolic syndrome. HDL molecules have demonstra-
ted the most important role in the dyslipidemia, yet the-
re are many unanswered questions: what regulates HDL
concentration, subpopulations and functions? The cardi-
oprotective function of HDL and the function of HDL con-
centration is unknown. What is the relative contribution
of cholesterol efflux, of antioxidant properties and the
role of the anti-inflammatory characteristics of HDL su-
btypes? Further, there is no data to explain the relation-
ship between overweight and smoking and low HDL.

Conclusion

Metabolic syndrome represents a clustering of cardio-
vascular risk factors linked through their association with
insulin resistance (12). Since insulin resistance is an inde-
pendent risk factor for cardiovascular disease, its pres-
ence can lead to macrovascular complications long be-
fore other features of metabolic syndrome are evident.

It is very important to recognize that high LDL or high to-
tal cholesterol are not components of the metabolic syn-
drome. In fact, LDL is often below average in patients with
the metabolic syndrome. Thus, physicians must be aware
that patients can still have a high risk of cardiovascular
disease even if they have low LDL or total cholesterol. In
essence, one can conceptualize metabolic syndrome as
a "“non-LDL” type of risk, and just as important as LDL to
recognise and to treat. The incidence of metabolic syn-
drome has been increasing throughout Europe and North
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porastom pretilosti, prekomjerne teZine i Secerne bolesti
(13). Kako je LDL sasvim ucinkovito istaknut u smjernica-
ma za lijecenje, sada je vrijeme za skretanje pozornosti
klinicara na metabolicki sindrom. Ako se spomenuta epi-
demija prekomjerne tezine i Secerne bolesti ne zausta-
vi, kardiovaskularna bolest ¢e i dalje biti u porastu, a mi
¢emo potratiti napredak koji smo postigli tijekom prote-
klih 20 godina. Metaboli¢ki sindrom iziskuje multifaktor-
ski pristup lijecenju jer sve njegove sastavnice u kombina-
ciji povecavaju rizik kardiovaskularne bolesti. Prehranom
i vjezbanjem ponajprije se poboljsavaju sve sastavnice
snizavanjem triglicerida, glukoze i krvnog tlaka te pove-
¢anjem HDL-a. Zapravo, vecina se metabolickog sindro-
ma moze pripisati ,pretjeranoj prehrani”. Drugo, farma-
koloska terapija za poboljsanje sastavnica metaboli¢kog
sindroma treba biti individualizirana za svakog bolesnika.
Izazovi koji preostaju kod identificiranja visokorizi¢nih
osoba uklju¢uju uvodenje klini¢kih biljega inzulinske rezi-
stencije, integriranje koncentracija glukoze i lipida, te bo-
lia definicija uloge upalnih, protrombotickih i genetickih
¢imbenika (14). Potrebno je bolje razumijevanje rizi¢nih
¢imbenika metaboli¢ckog sindroma te provedba klinickih
ispitivanja terapijskih intervencija specificno usmjerenih
na taj sindrom.
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America, in parallel with an increase in overweight, obe-
sity, and diabetes (13). Since LDL has been emphasised in
treatment guidelines quite effectively, it is now time to
turn the attention of clinicians to metabolic syndrome. If
this epidemic of overweight and diabetes is not stopped,
cardiovascular disease will increase and we will waste the
progress we have made in the past 20 years. Metabolic
syndrome requires a multi-factorial approach to treat-
ment since all of its components combine to increase the
risk of cardiovascular disease. Firstly, diet and exercise will
improve all components by lowering triglycerides, glu-
cose and blood pressure, and raising HDL. In fact, much
of the metabolic syndrome can be attributed to “over nu-
trition”. Secondly, pharmacological therapy for improving
the components of metabolic syndrome should be indi-
vidualized in each patient. Challenges remaining in the
identification of high-risk persons include the introduc-
tion of clinical markers of insulin resistance, integration of
post challenge glucose and lipid concentrations, and bet-
ter definition of the role of inflammatory, prothrombotic,
and genetic factors (14). Improved understanding of the
risk factors for metabolic syndrome is required, and clini-
cal trials of therapeutic interventions specifically targeted
to this syndrome need to be conducted.
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