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Abstract

The major cholesterol transporter in the circulation, low-density lipoproteins (LDL), should still be considered the most atherogenic
lipoprotein species, but not because its contribution to serum cholesterol levels. In most individuals, the atherogenic potential of LDL arises
from an increase in the number of small dense LDL particles rather than from its cholesterol content. There is now abundant evidence from
cross-sectional and prospective studies showing that LDL particle size is significantly associated with coronary heart disease (CHD) and is a
prognostic factor for increased coronary risk.

The purpose of this literature review is aimed to provide a current data description of the prevalence of metabolic-associated fatty liver
disease and dyslipoproteinemia in global practice.

Information was searched in Pubmed, ResearchGate, and eLibrary databases. The review included primary studies (both descriptive
and analytical), secondary studies (including systematic reviews and meta-analyses), methodological manuals, clinical guidelines, and full-text
publications in Russian and English published over the last 10 years.

Therefore, patients suffering from nonalcoholic fatty liver disease have an increased risk of atherosclerosis and cardiovascular
disease. The association of nonalcoholic fatty liver disease and atherosclerotic cardiovascular pathologies is based on complex and interrelated
mechanisms. According to the literature analysis, the following key pathogenetic links that are connected nonalcoholic fatty liver disease
and atherosclerosis can be identified: endothelial dysfunction, lipid profile disorders, increased production of a number of proinflammatory
cytokines and inflammatory response, and increased oxidative stress.
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Introduction

Metabolic Associated Fatty Liver Disease (MAFLD) is
characterized by excessive accumulation of fat in the form of
triglycerides (steatosis) in the liver, histologically observed
in >5% of hepatocytes. Patients with MAFLD exhibit liver
cell damage and inflammation in addition to the excess fat
(steatohepatitis). This condition, known as non-alcoholic
steatohepatitis (NASH), is histologically indistinguishable
from alcoholic steatohepatitis (ASH) [1,2]. The primary
transporter of cholesterol in the bloodstream, low-density
lipoproteins (LDL), are considered the most atherogenic
type oflipoproteins. The LDL levels in most patients increase
due to a rise in the number of small, dense LDL particles
rather than the cholesterol content within them. To date,
there is a wealth of cross-sectional and prospective studies
showing that LDL particle size is most strongly associated
with ischemic heart disease (IHD) and is a prognostic factor
for increased coronary risk [3].

There are several reliable mechanisms linking small,
dense LDL particles to the atherogenic process. The rate at
which serum lipoprotein particles enter the arterial wall
depends on their size, and thus, it is faster for small, dense
LDL particles. Elements of the extracellular tissue matrix of
the intima-proteoglycans-selectively bind small, dense LDL
particles with high affinity, sequestering these lipoproteins
in a pro-oxidant environment. Oxidation of LDL facilitates
the irreversible deposition of cholesterol in the arterial
wall, and numerous studies have shown that small, dense
LDL particles are more susceptible to oxidative modification
than their larger, lighter counterparts [4]. The increase in
the number of small, dense LDL particles is a consequence of
a defect in the metabolism of triglyceride-rich lipoproteins.
One mechanism may involve the overproduction and
prolonged residence time of large, triglyceride-rich very
low-density lipoproteins (VLDL) in the postprandial phase
[5,6].

Literature Search Strategy

Information retrieval was conducted in the
databases Pubmed, ResearchGate, and eLibrary. The review
includes primary studies (both descriptive and analytical),
secondary studies (including meta-analyses and systematic

Lipid metabolism in the liver

According to some data, the liver is known to
perform approximately 500 metabolic functions, among
which the main ones include: protein metabolism — where
both anabolic (synthetic) and major catabolic processes
occur; carbohydrate metabolism; lipid metabolism—
where the liver plays a primary role in the metabolism of
neutral fats, fatty acids, cholesterol, and phospholipids;
enzyme metabolism and vitamin metabolism; regulation
of blood volume and pigment metabolism [3]. The liver is
significantly more involved in the metabolism and transport
of fats than in their storage. Liver cells, in lipid metabolism,
perform the following functions: they absorb cholesterol
and phospholipids from the blood and break them down,
convert excess carbohydrates into fats when necessary, and
synthesize globulins for lipid transport.

The term "lipids" refers to substances that share a
common physical property — hydrophobicity. Structurally,
lipids are so diverse that they do not have a common
chemical structure. Lipids are classified into classes based
on molecules with similar chemical structures and shared
biological properties. The synthesis of fats occurs during the
absorptive period of digestion and is stimulated by insulin.
Fats are the most compact form of storing energy, so excess

MAFLD affects one-third of the global population and
is accompanied by dyslipoproteinemia, leading to adverse
cardiovascular outcomes. MAFLD has become a highly
prevalent chronic, progressive liver disease in Western
countries, with a continuously increasing incidence and
prevalence, imposing a significant clinical and economic
burden [3,7,8]. The prevalence of this disease from 2016 to
2018 was lowest in Africa (13.5%); intermediate in the USA
(24%), Europe (23%), and East Asia (27%); and highest
in Mexico, Central and South America (31%), the Middle
East (32%), and South Asia (33%) [9]. In recent years, with
rising living standards and changes in lifestyle and dietary
habits, the prevalence of MAFLD has rapidly increased in
Asia, becoming a significant public health issue [10,11].
MAFLD is characterized by the accumulation of pathological
ectopic fat along with persistent systemic inflammation.
This leads to several destructive pathophysiological
processes, including alterations in glucose, fatty acid,
and lipoprotein metabolism, increased oxidative stress,
endothelial dysfunction, and rapid development of
systemic atherosclerosis. Ultimately, a dysfunctional
cardiometabolic phenotype develops with cardiovascular
diseases, which are a leading cause of premature death.
Predisposing risk factors include diabetes mellitus, obesity,
and dyslipoproteinemia. According to international data,
MAFLD affects approximately 15-30% of the working-age
population overall, and its prevalence steadily increases to
approximately 70-90% among individuals with obesity or
type 2 diabetes [3,12,13].

Thus, the aim of the current review is to provide an
overview of the latest data on the prevalence of metabolic
associated fatty liver disease and dyslipoproteinemia in
global practice.

reviews), methodological guides, clinical guidelines, as well
as full-text publications in Russian and English languages
published over the last 10 years.

carbohydrates from food are converted into fats and stored
in adipocytes. Active fat synthesis occurs in the liver, adipose
tissue, and lactating mammary glands. Triacylglycerols
(TAGs) constitute a significant mass of lipids in the body,
serving as a form of energy storage. Fats, primarily in
subcutaneous adipose tissue, perform functions of thermal
insulation and mechanical protection [14].

Lipids of different classes vary in structure and
functions. Most lipids include fatty acids with complex ether
bonds with glycerol, cholesterol, and/or an amide bond with
sphingosine amino alcohol. Lipid metabolism involves two
main metabolic pathways: endogenous and exogenous. If
lipids originate from food, it is referred to as the exogenous
metabolic pathway, whereas if they originate from the liver,
it is the endogenous pathway. Cholesterol transport in the
blood occurs via lipoproteins. The metabolism of individual
classes of lipoproteins is closely interconnected. There
are various classes of lipoproteins, each characterized by
specific functions:

e chylomicrons (CM)
every low-density lipoproteins (VLDL)
low-density lipoproteins (LDL)
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eintermediate-density lipoproteins (IDL)
¢ high-density lipoproteins (HDL).
From the liver, cholesterol is exported together

with fatin the form of VLDL (very low-density lipoproteins).
In capillaries, adipose tissue, and other tissues, lipoprotein

lipase (LPL) catalyzes the hydrolysis of fats, and fatty acids
are taken up by cells. After most of the fat is lost, VLDL
transforms into LDL in the bloodstream as presented in
Table 1.

Table 1 - The differences of fat and cholesterol contents of VLDL to LDL

Content VLDL LDL Difference
Fat 50% 7% 43%
Cholesterol 20% 45-50% -25-30%

Lipoproteins mainly contain cholesterol esters
rather than free cholesterol [15]. Patients with MAFLD,
especially when accompanied by NASH, are at increased
risk of cardiovascular diseases (CVD) [16,17]. It's worth
noting that CVD is a leading cause of death among MAFLD

patients [15]. Classical risk factors for CVD are often
identified in MAFLD [18], and changes in adipose tissue in
MAFLD can predict the risk of developing CVD as accurately
as standard functional indicators, making MAFLD itself a
risk factor for CVD [17,18].

Metabolic associated fatty liver disease and CVD

A large body of research provides evidence that
MAFLD is an underestimated and independent risk factor
for atherosclerotic cardiovascular diseases (ASCVD).
Subclinical cardiovascular diseases and many other risk
factors for ASCVD are elevated among patients with
MAFLD/NASH. Abdominal obesity, type 2 diabetes, insulin
resistance, hypertension, and dyslipidemia — typical
components of metabolic syndrome (MetS) [16] — are
coexisting pathological conditions often associated with
MAFLD, and their coexistence in the same individual
increases the likelihood of more advanced forms of MAFLD
[17,18,19].

Between 10 to 25% of patients with MAFLD may
develop NASH, which can progress to liver cirrhosis,
hepatocellular carcinoma, and liver failure. The primary
cause of mortality in MAFLD patients is ASCVD [7,20].
Patients with MAFLD typically show a significant increase
in mean intima-media thickness of the brachiocephalic
arteries and a higher prevalence of atherosclerotic plaques
[21,22]. Endothelial dysfunction is an early stage in the
process of atherosclerosis, preceding its development
[23,24], and consequently plays a crucial role in the
development of ASCVD. Intraliver endothelial dysfunction
has been described in MAFLD [25], indicating that this
condition may lead to the onset of atherosclerosis and
ASCVD.

Patients with NASH show changes in left ventricular
function parameters, even in the absence of a clear
reduction in left ventricular ejection fraction, including left
atrial dysfunction and subclinical myocardial dysfunction
[23, 24]. It has also been noted that MAFLD may affect the
condition of heart valves and is significantly associated with
an increased risk of aortic valve sclerosis [26]. S. Ballestri
et al. report an accelerated incidence of chronic heart
failure in this patient population. Moreover, these changes
undoubtedly increase the risk of developing arrhythmias,
especially atrial fibrillation [25].

The initial stages of liver steatosis involve the
ectopic accumulation of triglycerides in the liver. Several
sources of fatty acids are used for the hepatic synthesis
of ectopically stored triglycerides, but most commonly,
they result from increased flux of free fatty acids
due to excessive hydrolysis of triglycerides in adipose
tissue, driven by the lack of suppression of hormone-
sensitive lipase under conditions of insulin resistance.
Additionally, there is an increase in intrahepatic de novo
synthesis of fatty acids due to carbohydrate excess, as
well as absorption from plasma of dietary chylomicrons

and hepatic synthesis of VLDL. The assembly of hepatic
triglycerides is typically coordinated with the synthesis and
secretion of VLDL, whereby intrahepatic triglycerides are
stored in intracellular lipid droplets. Liver steatosis occurs
when there is an imbalance between lipid accumulation
in the liver and lipid clearance, leading to excessive
triglyceride accumulation within hepatocyte lipid droplets.
Factors contributing to this imbalance include:

edeviations in the relative size of the intrahepatic
pool of fatty acids [7].

e therate oftriglyceride synthesisand apolipoprotein
B (apoB) production [8].

ethe rate of triglyceride lipolysis within lipid
droplets [1].

s the rate of beta-oxidation of fatty acids [9].

The formation of small (microvesicular) and large
(macrovesicular) lipid droplets is a bidirectional process
that can potentially be reduced and/or reversed through
interventions that decrease fatty acid uptake and de novo
synthesis, reduce triglyceride synthesis, enhance lipolysis,
increase fatty acid oxidation, or increase the production
and secretion of VLDL.

The average age at first diagnosis of metabolic
associated fatty liver disease (MAFLD) is approximately
50 years [27,28], with an increasing prevalence observed
in younger populations [29]. Patients diagnosed at a
younger age may present with a more severe clinical profile
compared to older patients [28]. MAFLD is associated with
endothelial dysfunction, elevated systemic inflammation,
and ectopic fat deposition in other organs (e.g., pancreas,
skeletal muscles, and epicardium). Increasing epicardial fat
volume closely correlates with intensified intramyocardial
inflammation, endothelial dysfunction, and accelerated
atherogenesis [30]. A meta-analysis conducted in 2019
found that metabolic associated fatty liver disease (MAFLD)
was associated with all-cause mortality rather than
cardiovascular mortality [31]. However, recent research
in 2021 indicated that fibrosis stages F3 and F4 were
associated with increased liver-related complications and
atherosclerotic cardiovascular disease (ASCVD) emerged
as the leading cause of mortality in patients with MAFLD
[32].

In a prospective cohort study, it was noted that
patients with metabolic associated fatty liver disease
(MAFLD), who undergo coronary angiography, have an
increased likelihood of undergoing percutaneous coronary
interventions (PCI) or myocardial revascularization by
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coronary artery bypass grafting (CABG). MAFLD is believed
to be a hepatic manifestation of metabolic syndrome [33],
which raises interest in exploring the interaction between
MAFLD and atherosclerosis.

The liver fat content is approximately 80% higher
in patients with type 2 diabetes compared to those with
metabolic associated fatty liver disease (MAFLD) who do
not have diabetes, even when age, gender, and BMI are

similar. Liver enzyme levels are not reliable indicators for
assessing the severity of intrahepatic fat accumulation [11].

Accumulation of large amounts of fat in the liver
leads to insulin resistance and excessive production of both
glucose [34-39] and very low-density lipoproteins (VLDL)
[39,40], resulting in hyperglycemia, hypertriglyceridemia,
and reduced HDL cholesterol levels.

The role of LDL in the development of NAFLD

Disruption in the regulation of lipid metabolism in
the fatty liver is accompanied by increased production of
very low-density lipoproteins (VLDL).

Subsequent studies have focused on LDL subclasses,
particularly small dense LDL (sdLDL), which are particularly
atherogenic and increased in metabolic syndrome and
hepatic steatosis [41]. The dyslipidemia profile associated
with hepatic obesity is characterized by elevated levels of
LDL particles (including sdLDL) and reduced levels of HDL
particles, correlating with intrahepatic lipid accumulation
[42]. Small dense low-density lipoproteins (sdLDL)
represent a distinct subclass of LDL particles associated
with metabolic disorders [33]. Conversely, the relationship
between sdLDL levels and the severity of MAFLD is
unclear. It has been found that levels of sdLDL, measured
in the blood of MAFLD patients, positively correlate with
the NAFLD Activity Score (NAS), indicating the degree of
hepatic steatosis and fibrosis. This association provides
evidence of MAFLD development in the context of elevated
sdLDL levels [42].

Particles of small dense low-density lipoproteins

Conclusion

Non-alcoholic  fatty liver disease (NAFLD)
and metabolic associated fatty liver disease (MAFLD)
are increasingly prevalent conditions that are often
underdiagnosed and underestimated as risk factors for
cardiovascular disease (CVD) morbidity and mortality.
Advanced diagnostic strategies are needed to detect NAFLD
and MAFLD early. Existing methods such as ultrasound-
based transient elastography (FibroScan) for assessing liver
stiffness and steatosis are valuable for disease staging and
longitudinal monitoring.

Therefore, patients with non-alcoholic fatty liver
disease are atanincreasedrisk of developing atherosclerosis
and cardiovascular diseases. The mechanisms underlying
the development of atherosclerotic vascular lesions and
metabolic associated fatty liver disease are intricately
interconnected.

Based on the literature analysis, the following
key pathogenetic factors linking non-alcoholic fatty liver
disease and atherosclerosis can be identified: endothelial
dysfunction, disturbances in lipid profiles, increased
production of certain pro-inflammatory cytokines,
inflammatory response, and enhanced oxidative stress.
These findings confirm the possibility of an independent
correlation between dyslipoproteinemia and metabolic
associated fatty liver disease. Patients with metabolic
associated fatty liver disease are at high risk of developing
systemic atherosclerosis and cardiovascular diseases [41-
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Tyitingeme

Kax aliHasbimOdarbl Xo/1eCMepuHHIH Hezizzi macvimMandayulbicbl memeH moiFbi30blkmarbl aunonpomeudmep (TT/II) aai de
Aunonpomeudmepoiy ey amepozeHdik mypi pemiHde Kapacmulpwvlaadbl, 0e2eHMeH, OHblH KaH CapblCyblHOAFbl X01eCmepuH deHeeliiHe KOCKaH
y/eci yakeH pea amkapmatiost. Adamoapdsiy kenwinieinde TT/III amepozeHdik homeHYua/bl OHbIH KypaMblHOGFbl X01eCMEePpUHHEH eMec,
ycak api moiruiz TT/IT 6enwekmepiHiy keberiHeH mybiHdatiovl. Kasipei yakbimma TT/III 6eawekmepiHiy Moawepi Hypekmiy uwemusiavlk
aypyvimeH (JKHA) 6alinaHbicbl 6ap ekeHiH dasendelimiH, COHbIMEH Kamap, KOpOHAp.1blK MayeKeA0iH HCOFapblaaybIHbIH 604#aAMObl PaKMopbsl
60.1a a1aMbIHbIH K@pcememiH KeJ10eHeH KUMAJIbIK JcaHe Npocnekmusmik 3epmmeysep 6ap.

Byn wonydely makcamosl - aaemdik madscipubede Memaboaukaablk 6aiinaHblcmbl Mallabl 6ayblp aypyAapblHblH JicaHe
ducaunonpomeuHeMusiHbIH MapaJybl mypassl arbiM0arsl depekmepdiy cunammamacsi 6epy.

Axnapammot i3decmipy Pubmed, ResearchGate scaHe eLibrary depekkopaapwsl apkblabl xcyp2izindi. losy conrel 10 scbia iwinde
JHCAPUANAHFAH AAFAUWEKBLI 3epmmeyjaep (cunammay JaHe AHAJAUMUKAAbLIK), Kocbimuwla 3epmmeyaep (scylieni wosyaap MeH mema-
masdaynapdsl Koca), adicmemesik HYCKayablkmap MeH KAUHUKA/bIK HYCKAy1ap, COHOAl-aK OpbIC HaHe arblAwblH miadepiHdeai moblK
MAMIHOI 6acbLabiMOapdbl KAMMbIObL.
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Ankozonbciz mailavl b6ayslp aypyel 6ap Haykacmapoa amepocknepo3dblH JHcaHe JHCYypeK-KaH Mmamblpaapsl aypyaapblHbly damy
Kayni scorapbl. bayvlpdvly a1k02016Ci3 Mallabl aypynapbl MeH Hypek-KaH MamblpaapblHblH amepocKAepomuKaablK Namo/a02usiaapsl
Kypdei dcaHe e3apa 6alinaHblcmbl MexaHu3MOepae HezizdesnzeH. ddebuemmepdi maaday HeziziHde 6aybipdblH A1K0201bCI3 MAlAbL Aypybl
MeH amepockaepo3dbl 6alinaHbicmblpamblH  Kejecl Hezizel namozeHemukaablk 6allianbicmapdbl aHblkmayra 604adbl: 3Hdomeaull
ducynkyusicol, aunudmi npoduabdiy 6y3biaysl, KAObIHYFA KAPcbl YUMOKUHOEePOiH MeH KAOblHYy peaKyUsiCbIHblH HCOFApblaaybl, COHbIMEH
Kamap, momoli¥y CmpecciHiy HoFapblaaybl.

TytiiH ce3dep: 6ayblpdblH a/NK0201bCI3 Maliibl aypysl, Aunonpomeudmep, jxypek KaH MAaMblpaapblHblH aypysl, 6ayblp aypysl,
ducaunudemusinap.
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Pe3wome

Jlunonpomeudvl Huskol naomuocmu (JIIIHII), no-npesxcHemy caedyem paccmampusams Kak Haubo/iee 8ajcHbuIU nokasamesb
AunudHozo npoduas e kposu. Illokasameav nomenyuaaa JIIHII y 6oavwurcmaa atodeli 603HUKaem 3a ciem 803pacmanusi Kouvecmeda
Meakux naomuuix yacmuy JIITHII, a He 3a cuem codepiicaHusi 8 HeM Xo/ecmepuHa Kak makosozo. Ha HbiHewHeM amane umeemcst MHOMHCECMB80
OaHHbIX NepeKpecCMHbIX U NPOCNeKMUBHbIX ucc1edo8aHutl, npedcmasasiouux umo pazmep yacmuy JIITHII 8 HauGobwell cmeneHu c8s13aH ¢
uwemuyeckoll 601e3Hblo cepdya (MBC) u si8asemcsi npo2HocmuyecKuM (pakmopom nosblueHH020 KOPOHAPHO20 PUCKA.

He./lb Hacmoswezo 0630pa npedocmaeﬂeHue onucadHusl mexKywux OJaHHbIX Nno pacnpocmpaHeHHocmu Mema6oauvecku
accouuupoeaHHoﬁ chuposoﬁ 60/1€3HU heveHU U OUCAUHOHPOmEUHeMUU GMUDOBOﬁ npakmuke.

Ilouck uHgopmayuu ocywecmensiicsa 8 6asax daHHblx Pubmed, ResearchGate, u eLibrary. B 0630p 6K/H4eHbl nepsuyHble
uccaedosaHus (Kak onucamesbHvle, MaK U aHAAUMUYeCKUe), 8MopuyHble Uccied08aHUs (8KA0UAS Memda AHAAU3bl U cucmemamuyecKue
0030pbl), Memoduveckue nocobusi, KAUHU4ecKue pykosodcmad, a makice n0JIHOMeKcmosble Ny6AUKaAYuUU Ha PYCCKOM U AH2AUUCKOM S3bIKAX,
ony6.1uKosaHHbwle 3a nocaedHue 10 sem.

CnedosamenvHo, nayueHmsl, cmpadarwujue MemaboaudecKu accoyuupo8aHHOU XHCUPOBOU 60/1e3HI0 NeveHu, UMEeKMm 8blCOKYH
8€pOsIMHOCMb pazeumusi amepockaepo3ad U cepdevHo-cocyoucmsix 3a6oaesaHull. B ocHose mMemaboauvecku accoyuuposaHHoll Huposol
60/1€3HU NeveHU U amepocK/epomuyeckux cepdedHo-cocyoucmslX Namo/o2ull Aexcam CA0XCHble U 83AUMOCBs3aHHble MexaHudmbl. Ha
OCHOBAHUU NPOBEJEHHO20 aAHAAU3A AUMEPAMYPbl MONHCHO NOOYEPKHYMb o4epedHble KAKUesble namozeHemu1ecKue 38eHbsl, C8s13bleaoujue
Memaboauvecku accoyuUupoBaHHy0 HuUposylo 60/1e3Hb NeyeHu U amepock/epo3: I3HdomeauanvHas Quc@yHKyus, HapyueHue AunudHo20
npogus, ycuseHue 8blpabomku psi0a nposocnaumenbHeIX YUMOKUHO8 U 80CNA/AUMeEAbHOU peakyuu U ycuieHue OKUCAUMebHO20 cmpecca.

Katouesble cn108a: Hea1K0201bHAS HUPOBASI 601€3Hb NEYeHU, 1UNonpomeudsl, cepdeyHo-cocyducmole 3a60/1e8aHuUS1, 601€3HbL NEYEHU,
ducaunudemuu.
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