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ABSTRACT

World statistics indicate a steady increase in the prevalence of non-alcoholic fatty liver disease, which correlates with the
pandemics of obesity and diabetes, which are quite common in Russia. The commonality of cardiometabolic risk factors, the
high global prevalence of non-alcoholic fatty liver disease and atherosclerotic cardiovascular diseases generates the interest
of researchers in studying hepatocardial relationships. Currently, non-alcoholic fatty liver disease is positioned as a hepatic
manifestation of a multisystem disorder, heterogeneous in underlying causes, manifestations, course and outcomes. The
purpose of this review was to analyze hepatocardial relationships based on publications. 76 sources on the epidemiology of
non-alcoholic fatty liver disease, published from 2011-2023 in journals indexed in Pubmed and eLibrary, were analyzed. Age
and gender aspects of the development of non-alcoholic fatty liver disease were considered. The pathogenetic mechanisms
of hepatocardial relationships, which were closely related to systemic inflammation, insulin resistance, metabolic syndrome
and its components, were highlighted. The criteria and methods for diagnosing non-alcoholic fatty liver disease and metabolic-
associated liver disease were outlined. Recent studies demonstrated the presence of hepatocardial connections, characterized
by an increased risk of developing atherosclerosis, cardiomyopathy and rhythm disturbances, changes in the structural and
functional parameters and geometry of the heart, as well as diastolic dysfunction, which may precede and/or contribute to the
development of chronic heart failure in patients with non-alcoholic fatty liver disease. The article presents data on non-alcoho-
lic fatty liver disease as a new factor associated with the development of adverse cardiovascular events to a greater extent than
the outcome of liver diseases themselves, which confirms the need for primary and secondary prevention of cardiovascular
diseases in this cohort of patients.
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BOMpocChl anuaeMmosorum, AUarHoCTukKu, nNporHoza

P.P.Cas3uxaHosa', [1.0. CybxaHrynosa', E.B. Xa3oBa'2

1KasaHCKMi rocyaapcTBeHHbIN MeuUMHCKNIA yHuBepcuTerT, . Kasakb, Poccus;
2HasaHcKuit (MpuBOMKCKMIA) heepanbHbii yHUBepcuTeT, T. KasaHb, Poccus

AHHOTALUA

MupoBas cTaTUCTUKa CBMAETENBCTBYET O HEYKIIOHHOM POCTe PacnpoCTPaHEHHOCTU HEAIKOTObHOM KMPOBOI 60Ne3HN NeyeHy,
KOpPesMpYIOLLEN € NaHAEMUAMM OXXMPEHUA U CaxapHOro amabeTa, A0CTaTO4HO pacnpocTpaHEHHbIMM B Poccun. 06LLHOCTb daK-
TOpOB KapA1OMeTabosM4YecKoro puUcKa, BbiCOKas r1obanbHas pacnpocTpaHEHHOCTb HeaNKoroNIbHOM WpOBOI Bone3Hn neyeHu
1 aTepOCKNEpOTMYECKNX CEpAEYHO-COCYAUCTLIX 3aboneBaHuin HOpMUPYET MHTEPEC UCCIeA0BaTENeN K U3YYeHMI0 renaToKapam-
anbHbIX B3aMMOOTHOLLIEHWI. B HacTosLLee BpeMs HeaKOro/bHYH UPOBYH 60/1e3Hb MeYeHU NO3ULIMOHUPYIOT KaK NeYEHOYHOE
NposiBNIEHUE MYNbTUCMCTEMHOIO PaccTpPOCTBA, HEOAHOPOAHOO MO OCHOBHBLIM NPUYMHAM, MPOSBIEHUAM, TEUEHUIO U UCXOAAM.
Llenbto HacTosiLero 0630pa bbin aHanK3 renaTokapauanbHbIX B3aMMOOTHOLLEHMIA HA 0CHOBe Nybnukaumii. [poaHanu3upoBaHo
76 VCTOYHMKOB, MOCBALLEHHBIX 3MUAEMMONIONMU HEANIKOTONIbHOW XMPOBOIA 6051e3HM neyeHu, onybnmnkoBaHHbIx B 2011-2023 rr.
B XypHanax, uHaexcupyembix B Pubmed u eLibrary. PaccMoTpeHbl Bo3pacTHble W NOSIoBble acMeKTbl Pa3BUTUS HEANKOroNIbHOM
upoBor 6onesHu neyeHn. OcBeLLEHbI NAaTOreHETUYECKME MeXaHWU3Mbl renaToKapamanbHbIX B3aMMOOTHOLLEHWH, HAXOLALLMXCA
B TECHOM CBA3U C CUCTEMHbIM BOCMANIEHUEM, UHCYNIMHOPE3UCTEHTHOCTbH), METAOONMYECKUM CUHLIPOMOM U €70 KOMMOHEHTaMM.
N3no3KeHbl KpUTEPUM M METOABI ANArHOCTUKM HEaNKOroNbHOM 1poBoi 601e3HK NeyeHn 1 MeTabonnyecKn-accoLMmMpoBaHHOV
bonesHu neyenu. ccnenoBakus nocnesHUX NeT AeMOHCTPUPYIOT HanumMe renatoKapananbHbIX CBA3EH, XapaKTepu3yoLLmXcs
MOBbLILLEHWEM PUCKA Pa3BUTUS aTepOCKIIEP03a, KapAMOMUONATUM U HApYLLEHUEM PUTMA, U3MEHEHUEM CTPYKTYPHO-(YHKLMO-
HaNbHbIX NapaMeTPOB W reOMeTPUM CepALa, a TaKKe AMUACTONMYECKOH AMCHYHKLMEN, KOTOpbIe MOTYT NPeaLIecTBOBaTh /unm
CcnocobcTBOBaTL Pa3BUTMIO XPOHUYECKOW CEPAEYHON HEJOCTATOUHOCTU Y NaLMEHTOB C HEaNKOrofbHOM XUpPOBO 6one3Hbio
neveHu. B cTatbe NpuBeneHbl AaHHBIE 0 HEANKOMObHOW XMPOBOW O0NE3HM NeYeHW KaK HOBOM (haKTope, acCoLMMPOBAHHOM
C pa3BuTUEM HebnaronpuUATHbIX KapAMOBACKYNAPHBIX COBLITMIA B BONbLUEN CTeneHM, YeM UCXOL caMux 3aboneBaHui neyeHw,
YTO NOATBEPKAAET HE0OXOAMMOCTb NEPBUYHON M BTOPUYHOM NPOGUNAKTUKW CepAeYHO-COCYAUCTbIX 3aboneBaHuii y fJaHHO
KOropThbl NaLWEeHTOB.

KntoueBble cnoBa: HeankoronbHas JupoBas bonesHb neyeHy; cepae4yHo-cocyoucTble 3aboneBaHust; AMarHoCTUKa; 3NMaeMUO-
JI0rn4; NporHos.
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Non-alcoholic fatty liver disease (NAFLD) is a significant glo-
bal issue that is becoming more prevalent as a public health
concern [1, 2]. Z.M. Younossi's 2016 meta-analysis reveals that
NAFLD and another disease co-occur in 25.24% of the global
population [3]. The global prevalence of NAFLD was deter-
mined to be 29.8% in a separate meta-analysis conducted by
M.N. Le et al. (2022), which included 245 cases (n=5,399,254)
[4]. After analyzing the global prevalence of NAFLD, J. Li et al.
(2019) reported the disease was present in 42.6% of the pop-
ulation in North Africa, 34.5% in the Middle East, 30.8% in Asia
and Latin America, and 22.3% in Japan [5].

In a recent meta-analysis, Z.M. Younossi et al. (2023) de-
termined that the global incidence of NAFLD was 32.16%.
The incidence in different geographical zones is as follows:
44.4% in Latin America, 36.5% in the Middle East and North
Africa, 33.83% in South Africa, 33.07% in Southeast Asia,
31.2% in North America and Australia, 29.7% in East Asia, and
25.1% in Western Europe [3].

The dynamics of NAFLD prevalence in Russia over
the course of eight years are reflected in the epidemiologic
studies DIREG 1 (2007) [6] and DIREG 2 (2015) [7]. The pre-
valence of NAFLD was 26.1% and 37.3% among patients, with
the majority exhibiting hepatic steatosis (79.9% and 80.3%),
steatohepatitis (17.1% and 16.8%), and cirrhosis (3% and
2.9%) [8]. According to a meta-analysis of five epidemiologi-
cal studies that was published recently (2022), the prevalence
of NAFLD in the Russian adult population is 27.56% [9].

Several authors have noted sex- and age-related dis-
parities in NAFLD prevalence. Accordingly, 0.M. Drapkina
and V.T. Ivashkin (2014) observed a significant prevalence of
NAFLD among individuals aged 50-59 years (31.1%), with
a relatively reduced incidence in the 40-49 and 60-69 age
groups (23.6% and 18.1%, respectively) [10]. 0.0. Sharkhun
observed a higher prevalence of NAFLD in males (63.4%)
across all age groups than in females (36.6%; p < 0.001) [11].
This finding is consistent with the data of E. Hashimoto et al.
(2005), who discovered a fivefold higher incidence of hepatic
steatosis in males aged 53 years over females [12].

A. Lonardo et al. identified several sex-specific charac-
teristics in a 2019 study. The prevalence of NAFLD was 37%
among males and 23% among females. For males, the peak
age of diagnosis was 40 years, while for females, it was 50
years. Among females of reproductive age, the lower pre-
valence of NAFLD may be attributed to the protective pro-
perties of estrogen. However, the risk of developing NAFLD
and an unfavorable disease course increases after meno-
pause [14].

The current understanding of NAFLD is not limited to
the mere progression of hepatic pathologic changes. Rather,
it is considered the hepatic component of a multisystem
metabolic dysfunction, which contributes to an elevated
risk of cardiometabolic conditions [15-17], increases mor-
tality due to cardiovascular complications, oncologic conse-
quences, and the rapid progression of NAFLD to the termi-
nal stage [18-22].
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The review aimed to analyze hepatocardial relation-
ships based on publications. The review is intended to raise
the awareness and sensitivity of general practitioners and car-
diologists to the issue of NAFLD, its prevalence, and the fea-
sibility of defining the disease to identify high-risk groups.

We searched and analyzed sources in the PubMed and
eLibrary databases using the keywords “NAFLD and cardio-
vascular disease,” “NAFLD and heart failure.” The search pe-
riod spanned 2011-2023. The analysis excluded publications
that contained only abstracts, summaries, and duplicate in-
formation.

TERMINOLOGY AND DIAGNOSIS
OF NON-ALCOHOLIC FATTY LIVER
DISEASE

The term “NAFLD" encompasses a spectrum of progressive
pathological changes in the liver, including steatosis, which is
predominantly benign, and liver conditions with the potential
for progression, such as non-alcoholic steatohepatitis, fibro-
sis, cirrhosis, and hepatocellular carcinoma [23-26].

The absence of specific symptoms associated with liver
steatosis complicates the diagnosis of NAFLD in its early
phases. However, the recognition of NAFLD as an early pre-
dictor of elevated cardiovascular risk and type 2 diabetes
mellitus (DM) emphasizes the importance of its timely detec-
tion. The diagnosis of NAFLD is considered an exclusionary
diagnosis, in accordance with contemporary concepts, and is
based on three criteria:

1) The presence of hepatic steatosis (detected by serum
biomarkers or scales, imaging techniques, or liver histology).

2) Lack of alcohol abuse (< 20 g/d for women and < 30
g/d for men).

3) Absence of other secondary causes of hepatic steatosis
(such as viral diseases, hemochromatosis, autoimmune he-
patitis, a,-antitrypsin deficiency, Wilson disease, or use of po-
tentially hepatotoxic drugs).

A puncture biopsy is the gold standard for diagnosing
NAFLD, and enables the differentiation between NAFLD and
non-alcoholic steatohepatitis and the quantification of liver fi-
brosis. Non-alcoholic steatohepatitis is diagnosed based on
histopathological features, including the presence of > 5%
steatotic hepatocytes with associated inflammation and in-
creased size, irrespective of the presence of liver fibro-
sis. The histological confirmation of progressive fibrosis is
provided by the presence of "bridging fibrosis" (stage F3 of
the Kleiner classification) or cirrhosis (stage F4).

Unlike liver cirrhosis caused by other etiologies, cardi-
ac cirrhosis is characterized by a distinct histological appea-
rance. The hepatic and portal veins exhibit identical degrees of
fibrosis, and the centrilobular zone exhibits more pronounced
alterations than the periportal zone [29].

In chronic heart failure (CHF) patients, the liver paren-
chyma exhibits a “nutmeg” pattern, with alternating areas
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of venous stasis (reddish) and fibrosis (yellow brown) [30].
The limitations of routine liver biopsy as a screening or diag-
nostic procedure are well-established, including its invasive-
ness and potential risk to the patient [29, 31, 32].

The diagnostic validity of non-invasive methods for NAFLD
remains a subject of ongoing debate within the scientific com-
munity. In accordance with international clinical recommen-
dations, V.T. Ivashkin et al. assert that ultrasound is the pri-
mary method for verifying liver steatosis [8]. Zh.A. Aldasheva
emphasizes the significance of precisely defining the inferior
margin of the liver, which remained unaltered in 78.3% of pa-
tients with steatosis and 47.7% of those with steatohepatitis.
In contrast, the inferior margin of the liver exhibited a more
rounded appearance in all cirrhosis patients [33].

Laboratory markers of NAFLD from routine blood bio-
chemical analysis are employed as a preliminary strategy for
assessing liver damage, as they are both cost-effective and
widely available [34]. Alternatively, scales that incorporate
clinical parameters and blood markers of fibrosis are em-
ployed.

Consistent with the prevailing federal clinical guidelines,
the following calculation indices and scales are universally
recognized as the most informative:

— FIB-4 (Fibrosis-4), FLI (Fatty Liver Index), NASH test;

— Scales NFS (NAFLD Fibrosis Score), HAIR (Hyperten-
sion, ALT, and Insulin Resistance), and BARD (BMI, AST/ALT
Ratio, and Diabetes Score).

The Hepatic Steatosis Index (HSI) is also of relevance, as it
is a non-invasive method of diagnosing NAFLD, exhibits high
sensitivity and specificity, and is the least expensive. The Fi-
brotest panel is the primary tool employed in Russia [35, 36].

Recently, a strong association has been demonstrated be-
tween NAFLD and the metabolic syndrome and its compo-
nents. Patients with NAFLD exhibit progressive disorders of
lipid and carbohydrate metabolism, and an increased risk of
atherosclerosis and arterial hypertension [37-39]. In 2020,
a new term, “metabolic-associated fatty liver disease,” was
proposed by an international group of experts from 22 coun-
tries. This term emphasizes the pathogenetic role of metabo-
lic dysfunction in the development and progression of this
liver disease [15, 40]. In patients with hepatic steatosis,
the presence of one of the criteria (presence of overweight/
obesity, type 2 DM, or evidence of metabolic dysregulation) is
recognized as a diagnostic standard [15].

The development of NAFLD results for the interaction of
numerous genetic and environmental factors, which is re-
ferred to as the so-called “multiple parallel shocks” concept
[24, 41-43]. Dietary characteristics, including hypodynamia,
dysbiosis of the intestinal microbiota, and excessive satura-
ted fat consumption, are adaptive factors [24, 44—46].

In patients with visceral obesity and insulin resistance,
along with increased fat degradation, the free fatty acid le-
vels in the blood and serum increase due to enhanced fat-
ty acid synthesis and decreased oxidative processes in mi-
tochondria. This leads to triglyceride accumulation and
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decreased lipid excretion by hepatocytes, leading to fat-
ty liver dystrophic changes such as steatosis. However, de-
creased insulin clearance in hepatic steatosis can cause hy-
perinsulinemia. Additionally, the direct lipotoxic effects on
pancreatic B-cells and hepatocytes are augmented by the in-
creased accumulation of free fatty acids, which stimulates
hepatic glycogenolysis, thereby increasing insulin resistance
and hyperinsulinemia.

Prolonged hypertriglyceridemia in insulin resistance im-
pairs endothelium-dependent vasodilation and causes oxida-
tive stress. This results in the formation of lipid peroxidation
products, reactive oxygen species, and cytokines, all of which
are significant risk factors for early atherosclerosis. Activa-
tion of stellate cells upon exposure to aldehyde, a byproduct
of lipid peroxidation, triggers the chemotaxis of neutrophils
and fibrogenesis. Reduction of protective properties of hepa-
tocyte membrane causes mitochondrial injury, dissociation of
tissue respiration processes, apoptosis and necrosis of hepa-
tocytes, activation of collagen synthesis [47-50].

The exact mechanisms of the hepatocardial relationship
remain unclear; however, the pathophysiological continuum
between NAFLD and CHF with preserved left ventricular ejec-
tion fraction is partially attributable to the secretion of adipo-
kines and proinflammatory cytokines [19, 51].

Central perivisceral adipose tissue exhibits intense en-
docrine activity with pronounced autocrine and paracrine ef-
fects. Adipokines participate in the development of insulin
resistance, steatosis, and consequently, non-alcoholic ste-
atohepatitis. Leptin is synthesized by adipose tissue, cardi-
ac tissue, and the digestive system. It exerts profibrotic ac-
tivity at the hepatic tissue level by activating phosphoinositide
3-kinase (PI3K), which in turn promotes the synthesis of os-
teopontin.

The worsening of insulin resistance in NAFLD predispo-
ses to the formation of atherogenic dyslipidemia, stimulates
the synthesis of proinflammatory, profibrogenic and vaso-
active mediators that may contribute to the progression of
coronary atherosclerosis and the development of myocar-
dial remodeling and hypertrophy, leading to heart failure
[52, 54].

The hemodynamic mechanism that underlies hepato-
cyte damage in patients with CHF of ischemic etiology is a re-
sult of elevated physical pressure in the hepatic sinusoids
and bile ducts. This is accompanied by elevated serum le-
vels of y-glutamyl transpeptidase and alkaline phosphatase
in the early stages of CHF, which are correlated with the func-
tional class of CHF [53]. Venous stasis, ischemia due to re-
duced myocardial contractility, and arterial hypoxemia con-
tribute to the development of hypoxia in liver tissue and
ischemic damage [55].

Thus, NAFLD not only impacts the liver but also a diverse
array of lipid and carbohydrate disorders that contribute to
the development and progression of atherosclerotic cardio-
vascular disease, the primary cause of mortality in the NAFLD
cohort [56-58].
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RELATIONSHIP BETWEEN
NON-ALCOHOLIC FATTY LIVER
DISEASE AND ATHEROSCLEROTIC
CARDIOVASCULAR DISEASE

Most studies have demonstrated a higher frequency of hio-
chemical markers of atherosclerosis in patients with NAFLD
than in those without it [31]. Two meta-analyses have verified
the increased prevalence of subclinical atherosclerosis, in-
creased plaque/thickness of the carotid intima-media com-
plex, arterial stiffness, and endothelial dysfunction in NAFLD
patients [59, 60].

The following conditions are known to occur concomi-
tantly with NAFLD: hypercholesterolemia (68.8%), dyslipi-
demia (75.9%), and arterial hypertension (69.9%) (p < 0.001)
[11]. According to A.M. Minhas et al. (2022), NAFLD patients
exhibit a higher frequency of cardiovascular comorbidities, in-
cluding arterial hypertension (81.7% vs. 53.5%), DM (65.1%
vs. 17.1%), stroke (7.3% vs. 4.1%), coronary heart disease
(14.9% vs. 8.4%), and CHF (10.5% vs. 3.5%) than those with-
out NAFLD [61].

A meta-analysis of 164,494 participants conducted by
S.Wu et al. (2016) revealed that NAFLD was linked to an
elevated risk of developing cardiovascular disease, coronary
heart disease, arterial hypertension, and atherosclerosis.
However, the analysis did not uncover a significant associ-
ation between NAFLD and all-cause or cardiovascular mor-
tality [62].

In a 2021 study, Japanese researchers M. Yoneda et al.
analyzed the JMDC database publications from 2013 to 2019
and discovered a higher incidence of cardiovascular dis-
ease in the presence of NAFLD (compared with those with-
out NAFLD). The researchers calculated odds ratios (OR) of
2.82 [95% confidence interval (C) 2.64-3.01] and 0.97 (95% CI
0.94-1.01). In the absence of adjustment, the corresponding
ORs for cerebral infarction, coronary heart disease, and car-
diovascular disease were 1.3 (95% Cl 0.94-1.80), 3.08 (2.85-
3.33), and 2.89 (2.68-3.12) in the NAFLD group relative to
the non-NAFLD group. The ORs for patients with NAFLD ad-
justed for gender, age, and smoking status were 1.32 (95% Cl
0.95-1.83) for cerebral infarction, 2.70 (2.50-2.92) for cor-
onary heart disease, and 2.56 (2.37-2.77) for cardiovascu-
lar disease. Hypertriglyceridemia (63.6% and 13.1%) and DM
(20.2% and 4.2%) were more frequently observed in NAFLD
patients than in those without NAFLD [63].

Obesity, DM, and NAFLD are all characterized by systemic
low-grade inflammation, as determined by H. Tilg et al. (2017).
[64]. H.E. Park et al. (2019) reported that hepatic lipid accumu-
lation correlates with coronary plaques, especially uncalci-
fied plaques [65], while hepatic steatosis and fibrosis are sig-
nificantly associated with cardiac diastolic dysfunction [66].
A study conducted by 0.M. Drapkina et al. (2016) demonstrated
that patients with CHF exhibited an increase in chamber size,
myocardial mass, wall thickness, and epicardial fat in NAFLD
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[39 671. In a study involving 222 patients, A. Mantovani et al.
(2015) identified a significant association between NAFLD and
left ventricular hypertrophy, and 59% of patients exhibited CHF
with preserved left ventricular ejection fraction [68].

In the context of preserved left ventricular ejection frac-
tion, certain authors propose that NAFLD is a novel risk factor
for CHF [19]. In multivariate logistic regression models adjus-
ting for age, race/ethnicity, and sex, A.M. Minhas et al. (2022)
discovered that participants with NAFLD were 3.5 times more
likely to be diagnosed with CHF. The authors determined that
older age, male sex, the presence of diabetes, and coronary
artery disease were associated with a greater likelihood of
CHF in participants with established NAFLD. Participants with
NAFLD had a higher risk of all-cause mortality compared to
those without NAFLD [61].

G. Targher et al. (2016) examined the OR for combined
fatal and non-fatal cardiovascular events (OR=1.63; 95% Cl
1.06-2.48) and for non-fatal cardiovascular events (OR=2.52;
95% Cl 1.52-4.18) in NAFLD. Patients with more severe
NAFLD exhibited a greater risk of fatal cardiovascular events
and a higher risk of combined cardiovascular events (fatal and
non-fatal) [58].

M. Fudim et al (2021) reported a higher risk of develo-
ping CHF during 14.3 months of follow-up in patients with
NAFLD compared to patients without NAFLD (6.4% vs. 5.0%;
p < 0.001) [70]. The risk of developing CHF was more strongly
associated with NAFLD when left ventricular ejection fraction
was preserved, as opposed to CHF when left ventricular sys-
tolic function was reduced [71].

In a review of six cohort studies (n=10,979,967 participants,
55.5% women), the median prevalence of NAFLD was 22.2%.
Patients with NAFLD had a higher risk of CHF compared to
participants without NAFLD in the unadjusted model and af-
ter multivariate adjustment. The absolute risk difference for
CHD in patients with NAFLD compared with participants with-
out NAFLD after multivariate adjustment was 11.0 per 10,000
person-years [69].

A meta-analysis by A. Mantovani et al. (2022) revealed
that NAFLD (diagnosed by blood biomarkers, imaging, or liver
histology) was linked to an increased risk of new-onset CHF,
which remained significant after adjustment for age, gender,
ethnicity, obesity, arterial hypertension, type 2 DM and other
cardiometabolic risk factors [72].

K. Wijarnpreecha et al. (2018) discovered a significant
association between NAFLD and diastolic dysfunction of
the heart [73].

T.G. Simon et al. (2022) examined the risk of major car-
diovascular events, including the risk of CHF, according to
the presence and histologic severity of NAFLD. Despite ad-
justing for prevalent cardiometabolic risk factors, the risk
of developing CHF was higher in the group of patients with
NAFLD than in those without NAFLD. The incidence of CHF
events increased progressively with the worsening severity of
NAFLD. The highest incidence rates were observed in patients
with non-cirrhotic fibrosis and cirrhosis [74].
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CONCLUSIONS

Obesity and diabetes are the primary causes of the non-com-
municable pandemic of NAFLD that is affecting the population
of developed countries. These are quite common in Russia,
as evidenced by the literature [22, 75, 76]. Based on available
data it is evident that the clinical burden of NAFLD is not limit-
ed only to liver-related complications. It also adversely affects
many extrahepatic organs and systems, including the heart
and vascular system [20-22].

The presence of NAFLD has been observed to induce a va-
riety of alterations in the organism. These include an increase
in proinflammatory cytokine synthesis, insulin resistance, ox-
idative stress, an atherogenic lipid profile, the activation of
the renin-angiotensin-aldosterone system, alterations in
the intestinal microbiota, and an increase in bioactive microbi-
al metabolite levels. The risk of CHF is increased by the com-
bination of genetic predisposition and these factors, which
can lead to microvascular dysfunction, alterations in myocar-
dial function, and hypertrophy [19].

The timely diagnosis and prescription of complex ther-
apy are advisable in view of the high prevalence of NAFLD
in the population and the associated risk of potential hepatic
complications and adverse cardiometabolic events [24]. De-
spite the existence of numerous potential pathophysiolog-
ic mechanisms through which NAFLD may adversely impact
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