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Overwhelming evidence suggests an association of cardiovascular disease (CVD) with non-alcoholic fatty liver disease
(NAFLD); however, the underlying mechanisms remain largely speculative.
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| 1. Introduction

During the last decade, strong evidence has demonstrated a significant interplay and multifaceted relationship between
non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease (CVD). Pathophysiological mechanisms associating
NAFLD with CVD are incompletely understood, and the current literature on the role of NAFLD as an independent risk
factor for CVD and excess CV mortality in NAFLD patients has yielded conflicting results and should therefore be
interpreted with caution IZIBI4IE - Nevertheless, NAFLD should be regarded as a systemic metabolic disease affecting
extrahepatic tissues throughout the body via complex mechanisms, including diet-induced alterations of the
gastrointestinal tract, adipose tissue inflammation and lipotoxicity.

| 2. Epidemiological Data Linking NAFLD to Cardiovascular Disease (CVD)

There are substantial epidemiological data that link NAFLD to CVD. We discuss vascular and metabolic disease but also
other CV conditions (Figure 1).

Figure 1. Substantial epidemiological data that link non-alcoholic fatty liver disease (NAFLD) to cardiovascular disease
(CVD).

2.1. Vascular Disease: Atherosclerosis including Stroke, Peripheral Artery Disease, and Coronary
Artery Disease

Although the understanding, prevention, and therapy of non-communicable diseases (NCDs) have improved during recent
decades, NCDs constitute the primary cause (around 70%) of death worldwide €. Among NCDs, cardiovascular disease
(CVD) is responsible for about half of the observed mortality €. Besides mortality, CVD leads to high morbidity and costs
in Western societies B, CvD can be considered a phenotype with multiple interlapping mechanisms, which include
arterial hypertension, obesity, diabetes, socioeconomic factors, and behavioral factors such as physical inactivity and poor
nutrition as well as genetic factors, age, and sex 1911,



NAFLD and CVD share several risk factors. Like CVD, NAFLD is highly prevalent in the total population of developed
countries with a prevalence between 20% and 30% 2. However, in obese patients and patients with diabetes, these
proportions increase to up to 90% 131, Both NAFLD and CVD are more common in men than women, although NAFLD
progresses faster in women 2l More than half of the patients diagnosed with NAFLD suffer from hyperlipidemia, an
established independent risk factor for cardiovascular disease RUILUR4] Fyrthermore, low-grade systemic inflammation
was reported in both NAFLD and CVD (5, Some experts consider NAFLD as the hepatic manifestation of metabolic
syndrome, insulin resistance, and type 2 diabetes mellitus (T2DM) (28],

As both NAFLD and CVD are diseases with high prevalence, sharing several risk factors, it comes as no surprise that
epidemiological data supporting NAFLD and CVD coincidence are abundant @. Although traditionally considered a
hepatic disease, a growing body of evidence suggests that cardiovascular disease in patients with NAFLD determines the
outcome rather than liver disease progression LZI[18]119]

Observational studies suggest a link between NAFLD diagnosis and an increased risk for CVD and cardiovascular events,
including death BI2921 Markers of endothelial dysfunction such as increased intima media thickness and lower flow-
mediated dilatation are more common in NAFLD patients 31221231 The risk of stroke was higher in subjects with NAFLD
than the general population 3. Elevated brachial ankle pulse wave velocity and increased arterial stiffness are other
surrogate parameters for subclinical atherosclerosis described in NAFLD [2423],

NAFLD patients evidence higher cardiovascular risk according to the Framingham risk score 28, Several meta-analyses
support the association of NAFLD with increased risk for CVD, although the link between NAFLD and CVD is less robust
than between NAFLD and metabolic syndrome BII8IZ7, while some studies have found associations between NAFLD
surrogates and CVD, many of these analyses are limited by insufficient adjustment for established cardiovascular risk
factors 28291 The crucial question of whether NAFLD is a risk factor for CVD independent of metabolic syndrome is,
therefore, not yet completely clear. However, since the inclusion of NAFLD in risk calculations for CVD has so far brought
no added value compared to models that only consider classical metabolic risk factors, it is, based on the available
evidence, currently more likely that NAFLD has no independent impact on cardiovascular outcome beyond their common
metabolic background BABELE2]

2.2. Metabolic Disease: Metabolic Syndrome, Dyslipidemia, Diabetes, and Obesity

NAFLD is closely embedded into metabolic syndrome (MetS), which describes the typical common occurrence of
established cardiovascular risk factors such as overweight/obesity, dyslipidemia, and disordered glucose homeostasis, as
indicated by insulin resistance (IR) or T2DM and arterial hypertension B3l The prevalence of NAFLD increases with the
number of manifestations of metabolic syndrome components 24, Most NAFLD subjects are obese, and the prevalence in
the general population increases with progressive degrees of obesity, approximating almost 95% in subjects undergoing
metabolic surgery B433 | jkewise, it approaches 60-70% in subjects with T2DM 8. However, increasing BMI as an
indicator of excess adipose tissue appears not to be the sole determining or sufficient factor for NAFLD development as
10% of lean subjects also have NAFLD, and a small proportion of even morbidly obese subjects maintain a healthy liver
(373811391 The finding of NAFLD in the absence of excess body weight is commonly referred to as “lean NAFLD" [4,
Further studies have elucidated the central relevance of adipose tissue distribution to NAFLD development as particularly
in lean subjects or subjects with a low degree of overweight, substantial visceral fat accumulation is present and directly
linked to the presence of a fatty liver 442l A meta-analysis by Young et al. demonstrated that lean NAFLD versus healthy
subjects or lean controls had higher odds for abnormalities on their metabolic profile, including metabolic syndrome and
its components, glycemic dysregulation, renal and liver function, and patatin-like phospholipase domain-containing protein
3 (PNPLA3) G allele, and their inflammatory profile, including uric acid and C-reactive protein 42, Moreover, Golabi et al.
have already demonstrated that lean NAFLD subjects have a higher risk of cardiovascular mortality and overall mortality
than normal subjects 44[44]. In our own experience, lean NAFLD is associated with metabolic syndrome and increased
cardiovascular risk as assessed by the Framingham Risk Score (Semmler et al., under review). Hence, limited healthy
expandability of subcutaneous adipose tissue appears to represent a pivotal mechanism that triggers fat deposition in
ectopic regions such as visceral fat depots and the liver. IR is the unifying underlying mechanism of metabolic
complications such as CVD and NAFLD 5, The importance of IR as a driver for metabolic complications is exemplified
by the increasing morbidity and mortality risk with the progression of IR to T2DM K847 This increase in morbidity and
mortality in T2DM is true for liver-related complications (i.e., end-stage liver disease and hepatocellular carcinoma (HCC))
as well as for CVD (i.e., heart failure and ischemic events) 849 Thys, the close interrelations are well confirmed
epidemiologically between the various manifestations of insulin resistance or MetS on one side and NAFLD on the other;
however, these frequently reciprocal relationships make it difficult to ascertain a specific contribution of NAFLD to CVD, as



the biological co-evolution allows interpretation as shared risk factors, mutual augmentation, and confounding and may
even be due to reverse causation, as genetic analyses indicate % (e.g., the possibility of increased prevalence of NAFLD
in subjects with CVD due to less physical activity).

2.3. Other Cardiovascular Disease Manifestations

Several studies have reported epidemiological associations of NAFLD and valvular heart disease besides vascular and
metabolic disease, i.e., mitral annulus calcification and aortic sclerosis. Subsequently, mitral regurgitation and aortic
stenosis might develop, which increase the risk of heart failure on the basis of left ventricular dilation (in mitral
regurgitation) and left ventricular hypertrophy (in aortic stenosis). Furthermore, arrhythmias have been reported in NAFLD,
mainly atrial fibrillation (due to left atrial enlargement secondary to increased filling pressures and mitral regurgitation),
increased QTc interval (corrected QT interval on electrocardiogram), and degenerative cardiac conduction disease (mainly
first-degree atrioventricular block and left anterior hemiblock) U2l |t was recently suggested that NAFLD and non-
alcoholic steatohepatitis (NASH) are associated with expansion of epicardial adipose tissue and the release of pro-
inflammatory adipocytokines that cause microcirculatory dysfunction and fibrosis of the adjoining myocardium, resulting in
atrial fibrillation as well as heart failure with a preserved ejection fraction (HFpEF). Inflammatory changes in the left atrium
lead to electroanatomical remodeling; thus, NAFLD and NASH markedly increase the risk of atrial fibrillation.
Simultaneously, patients with NAFLD or NASH commonly show diastolic dysfunction or latent HFpEF 231,

Finally, the prevalence of chronic kidney disease (CKD, estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?,
abnormal albuminuria, or overt proteinuria) is markedly increased in patients with NAFLD. The prevalence of CKD ranged
from approximately 20% to 55% in patients with NAFLD as compared to 5% to 30% in patients without NAFLD, and the
significant association of CKD and NAFLD mostly persisted after adjusting for confounding factors such as hypertension
and T2DM (241581,
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