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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD), more recently redefined
as metabolic-associated fatty liver disease (MAFLD), is now recognized as the most preva-
lent cause of chronic liver disease. Its strong association with cardiovascular disease (CVD)
underscores its emerging role in global morbidity and mortality. Objective: This review
critically examines the pathophysiological mechanisms that link NAFLD/MAFLD with
CVD. It focuses on shared metabolic disturbances, inflammatory pathways, and alterations
in the gut microbiota that contribute to hepatic and cardiovascular pathology. Review and
Gaps: Current evidence highlights insulin resistance, dyslipidemia, systemic inflammation,
and gut dysbiosis as pivotal factors connecting NAFLD/MAFLD to CVD. Despite these in-
sights, inconsistencies in diagnostic criteria and a lack of validated non-invasive biomarkers
hinder a clear understanding of the causal relationship between liver and cardiovascular
diseases. Conclusions: Addressing these knowledge gaps through standardized diagnostic
protocols and large-scale longitudinal studies is essential. Improved biomarker valida-
tion and clearer delineation of the underlying mechanisms will improve cardiovascular
risk stratification and enable more personalized therapeutic strategies for patients with
NAFLD/MAFLD.

Keywords: NAFLD; MAFLD; MASLD; cardiovascular disease; hypertension; atherosclerosis;
arrythmias

1. Introduction
Non-alcoholic fatty liver disease (NAFLD) has become the most common cause of liver

disease in the 21st century, with a prevalence ranging from 25% to 45% in the general adult
population and up to 70% in people with type 2 diabetes [1–5]. It represents a spectrum
of liver abnormalities that range from simple steatosis to non-alcoholic steatohepatitis
(NASH), liver fibrosis, cirrhosis, and potentially hepatocellular carcinoma [3]. During the
past decade, NAFLD has gained attention not only for its impact on liver-related morbidity
but also for its significant extrahepatic manifestations, particularly its strong association
with cardiovascular disease (CVD) [6,7].
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The concept of NAFLD has recently undergone a redefinition, and the term metabolic-
associated fatty liver disease (MAFLD) was proposed to reflect its intrinsic relationship with
metabolic disorders, such as obesity, insulin resistance, dyslipidemia, and type 2 diabetes [8].
Unlike NAFLD, which was defined by the exclusion of alcohol consumption, MAFLD
focuses on metabolic dysfunction as the primary criterion for diagnosis [9]. Although this
new definition has provoked debate, many studies have acknowledged its potential to
better capture the systemic nature of fatty liver disease and its cardiovascular impact [10].

The link between NAFLD and CVD is based on shared metabolic pathways, including
insulin resistance, systemic inflammation, oxidative stress, and atherogenic dyslipidemia,
which collectively increase the risk of subclinical and clinical cardiovascular events [11–13].
However, despite numerous studies, the causal relationship remains unclear. Some studies
suggest that NAFLD contributes independently to CVD progression, while others argue
that common metabolic risk factors mediate this association [14]. For example, a meta-
analysis that included more than 5.8 million subjects and 99,668 cardiovascular events
demonstrated that patients with NAFLD had a 64% increased risk of cardiovascular events,
corresponding to a hazard ratio (HR) of 1.45 (95% CI: 1.31–1.61), compared to those without
NAFLD [15].

An area of ongoing investigation is the role of liver inflammation in inducing vascular
dysfunction and promoting a pro-atherogenic state. Studies have shown that NAFLD is
associated with increased levels of inflammatory cytokines, such as IL-6 and TNF-α, which
contribute to endothelial dysfunction and plaque instability [16,17]. Furthermore, intestinal
dysbiosis, a hallmark of many metabolic disorders, has emerged as a potential mediator
between NAFLD and cardiovascular risk. Dysbiosis leads to elevated levels of harmful
metabolites like trimethylamine N-oxide (TMAO), which is linked to atherosclerosis [18].

In clinical practice, the lack of standardized non-invasive biomarkers to predict car-
diovascular risk in patients with NAFLD remains a challenge. Although tools such as the
NAFLD fibrosis score (NFS) and FIB-4 are commonly used to assess liver fibrosis, their
predictive power for cardiovascular outcomes is still debated [19]. Therefore, address-
ing these understanding gaps is crucial for improving cardiovascular risk prediction and
management in patients with NAFLD/MAFLD.

This review aims to provide a comprehensive overview of the pathophysiological
mechanisms linking NAFLD/MAFLD with cardiovascular disease, focusing on shared
metabolic pathways, key biomarkers, and potential areas for future research.

2. Synthesis of Data
A detailed literature search was conducted using the PubMed and Scopus databases to

identify relevant studies published between January 1990 and December 2020. The search
included the following keywords: ‘NAFLD’, ‘MAFLD’, ‘MASLD’, ‘cardiovascular disease’,
‘atherosclerosis’, ‘hypertension’, and ‘arrhythmias’. The initial search yielded 3980 studies
(Figure 1).

The inclusion criteria are as follows:

• Peer-reviewed articles addressing the association between NAFLD/MAFLD and
cardiovascular disease;

• Studies evaluating cardiovascular outcomes and diagnosis of NAFLD using imaging,
biopsy, or non-invasive methods;

• Full-text articles available in English.

The exclusion criteria are as follows:

• Non-English publications;
• Editorials, letters to the editor, conference abstracts, and review articles lacking origi-

nal data;
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• Studies with incomplete cardiovascular or diagnostic data.
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Following the application of these criteria, the list was narrowed down to 218 relevant
studies. A subsequent full-text evaluation resulted in the inclusion of 93 studies in the
final review.

Although the PRISMA guidelines were not strictly followed, the selection process
was structured to ensure thorough and in-depth coverage of the topic. The included
studies span multiple methodologies, including cross-sectional studies, cohort studies, and
systematic reviews, covering key mechanisms such as systemic inflammation, endothelial
dysfunction, dyslipidemia, and the involvement of the gut microbiota.

3. Pathophysiology of Cardiovascular Involvement in NAFLD
3.1. Atherogenic Dyslipidemia and Lipid Metabolism

Atherogenic dyslipidemia is a hallmark of NAFLD and a key factor linking the disease
to cardiovascular risk. Increased de novo hepatic lipogenesis and an increased rate of
lipid uptake contribute to this dyslipidemic profile. The primary characteristics of athero-
genic dyslipidemia include elevated intermediate-density lipoproteins (IDLs), low HDL
cholesterol, small dense LDL particles, and elevated triglycerides [20].

Patients with NAFLD exhibit elevated levels of palmitic acid, a saturated fatty acid
that integrates into very-low-density lipoproteins (VLDLs) and triggers vascular inflam-
mation by activating toll-like receptors (TLRs) 2 and 4, a key mechanism linking lipid
dysregulation with cardiovascular risk [21]. This lipid imbalance damages the endothelium
and accelerates the formation atherosclerotic plaques through oxidative stress and inflam-
matory cascades. Furthermore, the ‘atherogenic’ lipid profile typical of NAFLD/MAFLD
patients—marked by reduced levels of high-density lipoproteins (HDLs) and an abundance
of small, dense low-density lipoprotein (LDL) particles—plays a central role in cholesterol
deposition within arterial walls, enhancing plaque growth and instability [22,23].
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3.2. Endothelial Dysfunction and Oxidative Stress

Endothelial dysfunction is a key mediator linking NAFLD to cardiovascular disease
and is characterized primarily by impaired nitric oxide (NO) bioavailability, which com-
promises vascular homeostasis [24,25]. Both clinical studies and consensus guidelines
underscore that an excess of reactive oxygen species (ROS) and lipoprotein-mediated in-
flammation generate significant oxidative stress, thereby accelerating NO degradation.
For example, elevated levels of asymmetric dimethylarginine (ADMA), an endogenous
inhibitor of NO synthase, have been consistently reported in patients with NAFLD, with
some studies documenting increases of 30–40% compared to control groups, which in
turn impair NO synthesis and contribute to endothelial dysfunction [26,27]. This cascade
disrupts endothelial signaling, alters vascular tone, and shifts the balance toward sustained
vasoconstriction, thus increasing the risk of hypertension, atherosclerosis, and other cardio-
vascular complications. In addition, hyperhomocysteinemia, often observed in NAFLD,
further exacerbates endothelial dysfunction by reducing glutathione storage and amplifying
oxidative damage [28,29]. Collectively, these mechanisms, supported by recent consensus
statements, establish that ADMA accumulation and the concomitant pro-oxidative environ-
ment not only alter NO-mediated vasodilation but also foster a pro-thrombotic state, thus
significantly increasing cardiovascular risk in patients with NAFLD.

As illustrated in Figure 2, the pathophysiological cascade linking NAFLD/MAFLD to
cardiovascular disease begins with a metabolic dysfunction that triggers systemic inflam-
mation and oxidative stress, leading to endothelial dysfunction and ultimately resulting in
clinical manifestations such as hypertension, atherosclerosis, and arrhythmias.
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In addition, proinflammatory cytokines such as IL-6 and TNF-α, which are elevated
in NAFLD, further alter endothelial function and destabilize atherosclerotic plaques, in-
creasing the risk of acute cardiovascular events [30,31]. These mechanisms highlight how
endothelial dysfunction bridges the gap between NAFLD and vascular complications.

3.3. Systemic Inflammation and Coagulation Abnormalities

Systemic inflammation is a key driver of cardiovascular complications in NAFLD,
contributing to both early endothelial dysfunction and long-term vascular injury. Elevated
inflammatory markers, including interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α),
and C-reactive protein (CRP), affect endothelial nitric oxide (NO) production, promot-
ing vasoconstriction and reduced vascular elasticity. In addition, these proinflammatory
cytokines exacerbate oxidative stress by enhancing the production of reactive oxygen
species (ROS), leading to cumulative vascular damage and the accelerated development of
atherosclerotic plaques [32,33]. This chronic inflammatory state promotes the production
of acute phase proteins and activates the pathways involved in atherogenesis.

Patients with NAFLD often exhibit coagulation abnormalities due to an imbalance
between procoagulant and anticoagulant factors, increasing their thrombotic risk. Elevated
levels of coagulation factors, including factor VIII (FVIII), factor IX (FIX), factor XI (FXI),
and fibrinogen, are commonly observed, enhancing clot formation. Meanwhile, natural an-
ticoagulants such as protein C and antithrombin III are reduced, further tipping the balance
toward hypercoagulability and increasing the likelihood of vascular complications [34,35].
This imbalance contributes to a hypercoagulable state, enhancing the risk of thrombus
formation, myocardial infarction, and stroke. In addition, elevated levels of plasminogen
activator inhibitor-1 (PAI-1) in patients with NAFLD contribute to a prothrombotic state
by inhibiting fibrinolysis, the natural process of the body to break down blood clots. This
inhibition increases the risk of persistent clot formation, vascular occlusion, and subsequent
ischemic events, further amplifying cardiovascular risk [36].

3.4. Ectopic Fat Accumulation and Dysfunction of Adipose Tissue

Ectopic fat accumulation, particularly around the heart and liver, is closely linked
to NAFLD and its cardiovascular complications. Epicardial adipose tissue, normally
considered protective due to its anti-inflammatory and antifibrotic properties, undergoes
phenotypic changes in the context of systemic inflammation associated with NAFLD [37,38].

As the phenotype of epicardial adipose tissue changes, it transforms into a proin-
flammatory environment, releasing cytokines and adipokines that promote fibrosis, in-
flammation, and cardiac dysfunction [39]. This contributes to left ventricular dysfunction,
increased ventricular stiffness, and structural remodeling of the heart, which collectively
increase the risk of heart failure. In addition, fat accumulation in the perivascular regions
contributes to vascular inflammation, further exacerbating endothelial dysfunction.

3.5. Genetic Factors and Hepatokines

Genetic polymorphisms in the TM6SF2 and PNPLA3 genes are strongly associated
with both the progression and severity of NAFLD, as well as its cardiovascular manifes-
tations. Variants in these genes influence lipid metabolism, hepatocellular injury, and
systemic inflammation, which exacerbate hepatic fat accumulation and promote vascular
inflammation, atherosclerosis, and endothelial dysfunction. In a clinical study investigating
genetic variants in the progression of NAFLD, the PNPLA3 and TM6SF2 mutations were
shown to be significantly correlated with increased liver steatosis and fibrosis, confirming
their role in disease progression. Such findings were supported by meta-analyses highlight-
ing consistent associations between these genetic variants and cardiovascular risks, though
the specific impact on cardiovascular outcomes may vary between cohorts of patients. [40].
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These genetic variants predispose individuals to liver damage and metabolic dysregulation.
Interestingly, some studies suggest that certain polymorphisms may exert cardioprotective
effects in specific populations by modulating lipid metabolism and fat accumulation [41,42].

Hepatokines, liver-secreted proteins such as fetuin A, play a crucial role in linking
NAFLD to cardiometabolic disease. Elevated levels of fetuin A have been associated with
increased insulin resistance, systemic inflammation, and a higher incidence of cardiovascu-
lar events [43,44]. The interplay between genetic predisposition and hepatokine secretion
highlights the multifactorial nature of cardiovascular risk in patients with NAFLD.

3.6. Gut Dysbiosis and Cardiovascular Risk

Gut dysbiosis, or an imbalance in gut microbiota, is another emerging factor linking
NAFLD to cardiovascular disease [45]. Patients with NAFLD often exhibit intestinal mi-
crobiome imbalances, with significant alterations in taxonomic composition, including a
reduction in beneficial bacteria such as Firmicutes and an overgrowth of harmful bacte-
ria such as Escherichia coli and Ruminococcus. In a clinical study of fecal samples from
90 patients with NAFLD and 21 healthy controls using 16S rRNA gene sequencing, the find-
ings revealed a decreased abundance of Bacteroidetes and Ruminococcaceae, along with an
increased abundance of Lactobacillaceae, Veillonellaceae, and Dorea. Although changes in
gut microbiota composition have been commonly reported in NAFLD studies, reproducibil-
ity issues remain, as some differences vary between study populations [46–48]. These
imbalances contribute to increased intestinal permeability, endotoxemia, and systemic
inflammation, which not only exacerbate liver damage and cardiovascular complications
but also trigger changes that result in the elevated production of harmful metabolites,
such as trimethylamine N-oxide (TMAO), known to promote foam cell formation and
early atherosclerosis [17]. Furthermore, a compromised intestinal barrier allows for the
translocation of microbial products such as lipopolysaccharides (LPSs) into the bloodstream,
triggering systemic inflammation through the activation of toll-like receptors (TLRs) [49,50].
Modulation of the gut microbiome has thus been proposed as a potential therapeutic
strategy to reduce cardiovascular risk in patients with NAFLD [51].

3.7. Atherosclerosis and Plaque Formation

Atherosclerosis, characterized by chronic inflammation and plaque build-up within
arterial walls, is closely associated with NAFLD. The dyslipidemic profile of patients with
NAFLD, marked by small dense LDL particles, elevated triglycerides, and reduced HDL lev-
els, promotes the deposition of cholesterol and lipids within atherosclerotic plaques [21,22].

Inflammatory mediators produced by the liver, such as CRP and IL-6, further ex-
acerbate plaque formation by promoting endothelial damage and the recruitment of
macrophages to the plaque site [50]. NAFLD patients with advanced fibrosis or NASH have
higher levels of acute-phase proteins, which contribute to plaque instability and rupture,
increasing the risk of myocardial infarction and stroke [16,44].

4. Association Between CVD and NAFLD/MAFLD
Metabolic changes such as type 2 diabetes, obesity, dyslipidemia, and insulin resistance

are more prevalent in patients with NAFLD, and their natural history explains both the
elevated risk of CVDs and liver-related comorbidities. Given that natural history studies
in communities with NAFLD have shown that CVDs are the leading cause of death in
these groups, this is of significant clinical relevance [52,53]. In a similar vein, a population-
based study that examined annual age-standardized extrahepatic mortality among NAFLD
patients in the United States between 2007 and 2017 found that CVD was the most prevalent
and increasing cause of death in NAFLD patients (around 20%) [12].
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This association between NAFLD and CVD risk has been extensively explored in
multiple population-based clinical studies, highlighting the role of subclinical cardiovascu-
lar changes.

NAFLD, as determined by the fatty liver index, was associated with the occurrence and
development of carotid intima–media thickness (C-IMT), which predicts carotid plaques
and CVD events. This study aimed to demonstrate that NAFLD is both a cause and
an observer of metabolic syndrome and that steatosis plays a role in the onset of early
atherosclerosis [54].

In a 2007 cross-sectional study conducted in Italy, Targher et al. examined the rela-
tionship between cardiovascular events and NAFLD in individuals with type 2 diabetes,
going beyond subclinical cardiovascular changes to actual clinical outcomes. In their article,
an ultrasound examination was used to identify NAFLD. Compared to patients without
NAFLD, patients with NAFLD had significantly higher age- and sex-adjusted prevalences
of peripheral (15.4% versus 10.0%), cerebrovascular (20.0% versus 13.3%), and coronary
(26.6% versus 18.3%) vascular diseases; this association was valid even after controlling
for sex, age, smoking, BMI, the duration of diabetes, HbA1C, LDL cholesterol, metabolic
syndrome, and medications. These findings emphasize the strong association between
NAFLD and cardiovascular events across various vascular sites [55].

The relationship between subclinical cardiovascular changes and NAFLD has also
been the subject of numerous investigations. In a retrospective investigation, Pais and
associates looked at the relationship between carotid atherosclerosis and NAFLD in a
sizable group of French patients who were followed over time from 1995 to 2012.

Bonapace and associates concentrated on the relationship between NAFLD and cardiac
changes in the context of diabetic patients. According to the existence and severity of
steatosis, patients with type 2 diabetes specifically showed a higher prevalence of sub-
clinical left ventricular diastolic dysfunction. This association, which was observed in
diabetic patients with normal systolic function and without a history of ischemic heart
disease, was unaffected by hypertension and a number of other variables, including sex,
age, HbA1c, and triglycerides (TGs). The scientists proposed that NAFLD, a sign of ectopic
fat buildup in the heart, was the cause of this connection [56].

The association between NAFLD and the incidence of CVD was further examined in a
bigger meta-analysis conducted in 2021. About 5.8 million persons and 99,668 occurrences
of both non-fatal and fatal (myocardial infarction, angina, hemorrhagic or ischemic strokes,
or coronary revascularization procedures) CVD events were included in 36 longitudinal
studies with a median follow-up of 6.5 years. A moderately elevated risk of either fatal or
non-fatal CVD events was confirmed to be linked to NAFLD (pooled random effects HR:
1.45; 95% CI: 1.31–1.61; I2 = 86.18%). Interestingly, the risk persisted even after controlling
for preexisting diabetes, smoking, age, sex, adiposity metrics, and other cardiometabolic
risk variables. The risk significantly increased with the severity of NAFLD, as determined
by ultrasonography plus elevated serum GGT, ultrasonographic scores, increased 18F-
fluorodeoxyglucose (FDG) uptake on PET, or the severity of liver fibrosis as determined by
histology or NFS, according to substantial evidence from this meta-analysis [57].

Cross-sectional studies evaluating subclinical cardiovascular changes have demon-
strated that the severity of NAFLD is associated with an increase in carotid intima–media
thickness and the prevalence of carotid plaques. For example, a retrospective analysis
involving more than 85,000 subjects found that NAFLD was associated with a 60% higher
likelihood of forming carotid plaques (OR: 1.60; 95% CI: 1.45–1.78) [50]. In a retrospective
cohort study, Sinn et al. studied the relationship between the progression of coronary
atherosclerosis, as determined by CT, and NAFLD, which was identified through ultra-
sonound. Patients with NAFLD at baseline experienced a faster rate of progression of
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coronary atherosclerosis than those without NAFLD, and their risk increased further when
their fibrosis was assessed using non-invasive scoring [58]. In clinical practice, the lack
of standardized non-invasive biomarkers for predicting cardiovascular risk in NAFLD
patients remains a challenge. Tools such as the NAFLD fibrosis score (NFS) and FIB-4 are
commonly used to assess liver fibrosis, but their predictive accuracy for cardiovascular
outcomes remains inconsistent [59]. These limitations highlight the need for improved
biomarker validation and the integration of cardiovascular screening in the management of
NAFLD. Instead, an Italian study linked biopsy-proven NAFLD to changes in the morphol-
ogy and function of the cardiovascular system. Compared to those with milder fibrosis
(F0–F2), those with advanced fibrosis (F3–F4) showed more epicardial fat.

Additionally, severe liver fibrosis was associated with several echocardiographic indi-
cators, including left ventricular mass, diastolic posterior wall thickness, ejection fraction
(EF), relative wall thickness, and left atrial volume [60]. In a cross-sectional investigation,
Zhang and colleagues examined the renal and cardiovascular burden of an illness in per-
sons with MAFLD and NAFLD in order to compare the two conditions. The prevalence and
total number of MAFLD patients rose dramatically and exceeded those of NAFLD cases,
according to nine continuous studies conducted over an 18-year period from 1999 to 2016.
Compared to the non-MAFLD group, the MAFLD group had significantly higher odds
for all three components of the metabolic syndrome: hypertension, diabetes, dyslipidemia,
and obesity. This was particularly true for central obesity (OR = 17.05, 95% CI: 15.32–18.97)
and diabetes (OR = 5.73, 95% CI: 5.10–6.45). Furthermore, the Framingham cardiovascular
score of the NAFLD group was lower than that of the MAFLD group (OR = 3.2, 95% CI:
2.8–3.6 versus OR = 3.7, 95% CI: 3.4–4.1), and patients with MAFLD had a significantly
higher 10-year CVD risk of stroke and myocardial infarction.

According to Zhang et al. [61], MAFLD may have a higher absolute cardiorenal
burden than NAFLD in their investigation. In light of all of these data, international
guidelines recommend that all patients with cardiometabolic diseases be examined for
NAFLD/MAFLD and its severity, as well as that all patients with NAFLD be screened for
CV risk irrespective of traditional CV risk factors [62].

Despite numerous studies that establish a strong association between NAFLD and
cardiovascular disease, it is unclear whether this relationship is causal or primarily medi-
ated by common metabolic risk factors. Addressing this gap requires longitudinal cohort
studies and clinical trials focused on disentangling the direct impact of liver inflammation
versus metabolic syndrome on cardiovascular outcomes [15]. In addition, incorporating
microbiome-based interventions could provide new therapeutic pathways to mitigate
cardiovascular risk.

4.1. Atherosclerosis and NAFLD

Atherosclerosis is directly related to acute coronary syndrome and stroke and is
characterized by the formation of neo-intimal cholesterotic plaques in the major arteries.
Numerous studies have shown that NAFLD is associated with a higher prevalence of
ischemic heart disease because it is a risk factor for atherosclerosis [63,64]. Subclinical
indicators of atherosclerosis, such as the CAC score [61,65], carotid intima–media thickness
(cIMT) [66,67], or arterial stiffness measured by the brachial–ankle index, have been used
to validate the extensive documentation of atherosclerosis in patients with NAFLD. Even
among patients with normal BMI, prospective studies have shown that patients with
NAFLD have higher CAC scores than those without NAFLD [68,69].

Regardless of obesity, dyslipidemia, or type 2 diabetes, patients with NAFLD had
greater cIMT and annual rates of CAC advancement [61,70,71]. Additionally, elevated cIMT
was linked to liver fibrosis as determined by aspartate transaminase to platelet ratio index
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(APRI) scores and fibrosis-4 (FIB4) [72]. NAFLD is associated with the development of
plaques in the carotid, iliac, or celiac trunk arteries in addition to the coronary arteries [73],
as well as a propensity to multiarterial calcifications. Furthermore, NAFLD has been
associated with unstable coronary plaques [74] and endothelial dysfunction [75], which
explains why these individuals are at a significant risk of ischemic events [76]. Additionally,
when NAFLD was present, patients with STEMI had a worse long-term prognosis and
a greater short-term death rate [77]. Subclinical atherosclerosis was substantially more
common in patients with NAFLD (OR = 1.60, 95% CI: 1.45–1.78), according to a meta-
analysis involving more than 85,000 patients [78]. In addition to cardiovascular risk factors
such as obesity, dyslipidemia, arterial hypertension, and type 2 diabetes, NAFLD increases
the risk of atherosclerosis and predisposes individuals to the formation of unstable plaques.

4.2. Cardiac Structure and NAFLD

Structural heart disease is associated with NAFLD. In individuals with NAFLD, di-
astolic dysfunction and heart failure with a maintained ejection fraction and enhanced
myocardial remodeling are common findings [33]. These alterations can cause arrhyth-
mias and an increased risk of CVD events [79], in addition to an elevated risk of aortic
sclerosis [80].

4.3. Arrhythmias and NAFLD

The prolonged QTc interval [81] and an elevated incidence of atrial fibrillation [82]
have been associated with NAFLD. The physiopathological processes that cause arrhyth-
mias in NAFLD patients include the development of cardiac fibrosis after an increase in
proinflammatory adipocytokines linked to an increase in epicardial obesity [33]. Targher
et al. reported that NAFLD is independently associated with an increased risk of atrial
fibrillation. In their prospective study on patients with type 2 diabetes, the presence of
NAFLD was associated with a higher risk of atrial fibrillation, with an odds ratio of 4.49
(95% CI: 1.6–12.9), even after adjusting for traditional cardiovascular risk factors [82].

With an adjusted OR of 1.88 for a 95% CI between 1.03 and 3.45, a different prospective
study with patients followed for 16.3 years found an independent link between atrial
fibrillation and NAFLD [83]. In a retrospective analysis of type 2 diabetic patients who had
24 h Holter monitoring, ventricular arrhythmias were also associated with NAFLD. The
authors reported an OR of 3.01 for a 95% CI between 1.26 and 7.17 after controlling for
covariates [84].

4.4. NAFLD and Hypertension

The complete explanation of the relationship between NAFLD and hypertension is
still pending. There are signs that NAFLD-related systemic inflammation can promote
the activation of the sympathetic nervous system, which could lead to hypertension [85].
In addition, insulin resistance can increase blood pressure by increasing free fatty acids,
which result in perivascular fat deposits near the veins and the renal sinus. In addition, gut
dysbiosis and elevated homocysteine levels associated with NAFLD can increase oxidative
stress and hence promote hypertension [86]. Given the high prevalence of comorbid
diabetes and hypertension in NAFLD patients, the combined effects of these conditions
significantly elevate the risk of stroke and other cardiovascular events. Studies in sub-
Saharan Africa have shown that people with both conditions are at much higher risk of
stroke, highlighting the importance of strict management of blood pressure and blood
sugar levels to mitigate these risks [87]. There was significant variation in the criteria used
to diagnose NAFLD, despite the fact that multiple investigations showed a correlation
between the disease and hypertension [88,89].
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Although some studies used MRI [89] or surrogate scores such as FLI [88], others used
ultrasonography [89,90] to diagnose NAFLD. In a prospective study involving 3191 German
patients, NAFLD was significantly associated with an increased risk of hypertension, with
an odds ratio of 3.1 (95% CI: 1.7–5.8). This association highlights the strong link between
liver steatosis and elevated blood pressure, independent of other metabolic factors [89].
Patients with NAFLD were found to have a higher risk of prehypertension in a larger
prospective study conducted in South Korea, which included 11,350 male patients. It
is interesting to note that the risk changed with the severity of NAFLD [91]. Huh et al.
conducted a prospective longitudinal study of 1521 participants without cardiovascular
disease to assess the risk for hypertension. The authors discovered that the NAFLD
group had a higher risk of hypertension, as determined via FLI, and that the risk grew
progressively in line with the FLI value [91]. More recently, Lorbeer et al. found a correlation
between liver fat content, high blood pressure, and increased risks of hypertension in a
research that measured the liver fat fraction using MRI [90].

5. Limitations
This review is subject to several limitations. First, there is significant heterogeneity

in NAFLD diagnostic criteria, imaging modalities, and non-invasive markers used in all
studies, which may introduce inconsistencies in the findings. Furthermore, most of the
included studies are observational or cross-sectional, making it difficult to establish a
definitive causal relationship between NAFLD and cardiovascular outcomes. Variability in
study populations, geographic regions, and methodological approaches further limits the
generalizability of the results. Finally, reproducibility issues, particularly in emerging areas
such as gut microbiota research, highlight the need for standardized protocols and larger
prospective cohort studies to better delineate these complex associations.

6. Conclusions
NAFLD, now more accurately defined as MAFLD in light of its metabolic underpin-

nings, is strongly associated with an increased risk of cardiovascular disease. The evidence
reviewed here demonstrates that NAFLD/MAFLD is linked to various adverse cardio-
vascular outcomes, including hypertension, atherosclerosis, and arrhythmias, through
shared mechanisms such as insulin resistance, systemic inflammation, dyslipidemia, and
oxidative stress. Although the severity of NAFLD is correlated with worse cardiovascular
outcomes, more longitudinal research is essential to unravel the causal pathways involved.
The standardization of diagnostic criteria and the validation of non-invasive biomarkers
will be critical for improving cardiovascular risk stratification and enabling more targeted
therapeutic interventions for patients with NAFLD/MAFLD.

Given these gaps, clinicians should prioritize metabolic risk management in NAFLD
patients through glycemic control, weight loss, and the treatment of hyperlipidemia and
hypertension. Hepatologists and cardiologists must collaborate within a multidisciplinary
framework, recognizing that progressive NAFLD significantly increases cardiovascular risk
and that CVD patients may also exhibit advanced liver disease. Addressing these issues
through targeted interventions and improved screening strategies is essential to reduce the
burden of CVD in this population.
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