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ABSTRACT (142 words)
Non-Alcoholic Fatty Liver Disease (NAFLD) represents an increasing cause of liver disease worldwide. However, notably, the primary cause of morbidity and mortality in patients with NAFLD is cardiovascular disease (CVD), with fibrosis stage being the strongest disease-specific predictor. It is globally-projected that NAFLD will become increasingly prevalent, especially among children and younger adults. As such, even within the next few years, NAFLD will contribute considerably to the overall CVD burden. 
In this review, we discuss the role of NAFLD as an emerging risk factor for CVD. In particular, this article aims to provide an overview of pathological drivers of vascular damage in patients with NAFLD. Moreover, the impact of NAFLD on the development, severity and the progression of subclinical and clinical CVD will be discussed. Finally, the review illustrates current and potential future perspectives for screening for CVD in this high-risk population.
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INTRODUCTION
Non-Alcoholic Fatty Liver Disease (NAFLD) is the most common cause of chronic liver disease in Western Countries with a prevalence of 20-30% in the general population(1). NAFLD is closely associated with abdominal obesity, atherogenic dyslipidaemia, hypertension, insulin resistance and impaired glucose tolerance, which are all features of the Metabolic Syndrome (MetS) (2-4).Cardiovascular (CV) disease(CVD) represents the main cause of death in this group (up to 38%)(3), with baseline fibrosis being the strongest predictor of morbidity and mortality (5, 6).As such, a CV risk assessment is mandatory in each patient and should be repeated regularly(3).
Whether NAFLD represents a CV risk per se,a corollary of Metabolic Syndrome, or a combination of both is still under debate. However, several studies have demonstrated that NAFLD acts as a CV risk factor independently from traditional CV risk factors. In particular, a recent 20-year community study suggested that the impact of NAFLD on CV events was highest in subjects without metabolic comorbidities, who had a 2-fold increased risk of CV events than age and sex matched controls with no metabolic comorbidities. The clinical or statistical significance of NAFLD as a CV risk factor decreased or was no longer present as patients developed additional metabolic comorbidities (7). It has also been noted that NAFLD has been associated with fat deposition in a variety of other tissues (i.e. peri-renal, peri-pancreatic and pericardial deposition), although the clinical significance of these remains poorly defined at present(8).


EPIDEMIOLOGY
CVD represents a major cause of morbidity and mortality worldwide. Overall, the rates of mortality due  to CVD decreased dramatically between 2000 and 2011, reaching a plateau between 2011 and 2014(9). The implementation of prevention programmes and the developments in treatment which could be offered to the general population may be responsible for this trend. Nevertheless, such intervention may have saturated the community, explaining the subsequent plateau (9).Interestingly, CVD mortality has declined both in high-income and middle-income countries, with only small differences in the magnitude of the trend(10). However, recent observational studies have reported an alarming, steady increase in the incidence of all CVD among young adults (aged 18-50 years)(11-13). The relative higher rate in younger adults may have contributed to the resulting plateau in CVD mortality.
Despite improvements in the management of some traditional CV risk factors (including smoking, as well as lipid and blood pressure control), rates of obesity and type-2 diabetes mellitus have rapidly-increased(14). Far from being a problem only in high-income countries, obesity is contributing to the health burden worldwide(15, 16). According to a World Health Organisation(WHO) report in 2016, over 650 million adults were obese, equating to 13% of the global population(17). The largest proportional increase in the number of adults who are overweight or have obesity is expected to occur in low and middle-income countries, where estimates ranges are 62-205% and 71-263% for overweight and obesity respectively(18). Of note, in some countries, the increase in the incidence of obesity among children has occurred more rapidly than for adults(19). The worldwide prevalence of childhood overweight and obesity increased from 4.2% to 6.7% between 1990 and 2010, reaching 43 million(20). The total number of children who are overweight or obese worldwide is expected to reach 60 million (9.1%) by 2020(20).
The increase in the prevalence of NAFLD has mirrored that of obesity with a 5-8 years delay. The total NAFLD population in 2015 was estimated to be 83.1 million cases, with a prevalence rate of 30% among the population aged ≥15 years and 25.8% among all ages. By 2030, the NAFLD population is projected to have increased by 21%,reaching 100.9 million cases(21). In some countries such as the USA, the increase in prevalence of NAFLD will occur mainly in people aged 18-39 years(22).A significant contribution is also represented by NAFLD in children, one of the most serious public-health challenges of the 21st century(23). Prevalence studies have shown that NAFLD is diagnosed in up to 6-9% of children in the general population, increasing proportionally with BMI(24).
To summarise, the rise in obesity and NAFLD prevalence may partly explain the stagnation in declining CVD mortality worldwide. In particular, it may be responsible for the increased CV risk in young adults. As such, a significant concern is the possibility that CVD incidence and mortality rates will not decrease further, and perhaps will even increase in the near future. There are no detailed projections regarding how the epidemic of NAFLD will impact on CVD mortality and related healthcare costs.

PATHOPHYSIOLOGY
The mechanisms underlying the development of CVD in NAFLD are only partially understood. There is a complex interplay between liver, visceral and subcutaneous adipose tissue (SAT), muscle tissue, gut andcardiovascular system(25), with Endothelial Dysfunction (ED) being the first step in the development of vascular damage(26). Obesity plays a central role and, in particular, visceral deposits, as they are directly drained by the portal circulation(27). Of note, gender preferential fat deposition may partly explain differences in CVD risk, with men being more prone to develop visceral adiposity compared with women regardless of Body Mass Index (BMI)(27, 28).
Visceral adiposity is associated with a chronic overflow of Free Fatty Acids (FFAs)in the circulation(29), which, in turn, induces hepatic insulin resistance(30, 31). Elevated FFA levels also contribute to the development of an atherogenic dyslipidaemia, with an over-production of apolipoproteinB-100 (ApoB-100), triglycerides, small dense low density lipoprotein (sdLDL) and LDL- particles, which are all easily retained peripherally(32). Increased FFAs can also stimulate hepatic gluconeogenesis both directly and indirectly, reducing hepatic insulin sensitivity(33). The reduced insulin sensitivity contributes itself to the vicious circle of atherogenic dyslipidaemia through an increase in very low density lipoprotein (VLDL) and a reduction in high density lipoprotein (HDL) production(34).
It is also well-recognised that visceral adipose tissue acts as an independent endocrine organ, as it contributes to a chronic low-grade inflammation state(35) secreting adipokines (tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-10 (IL-10)(36, 37). The adipokines may affect the insulin signalling pathway in hepatocytes, interfering with insulin sensitivity(35), which in turn promotes atherogenic dyslipidaemia and the accumulation of FFA in the liver. In response to lipid excess, lipid beta-oxidation is directly promoted, with oxidative stress being the result(38). In fact, FFAs act as uncoupling proteins and as specific inhibitors of the mitochondrial respiratory chain, leading to energy dissipation and to the production of reactive oxygen species (ROS) (39, 40).
The uncontrolled production of ROS is implicated in endothelial dysfunction and atherosclerosis(41). In particular, ROS facilitate the migration of leukocytes, their differentiation into macrophages, as well as the transformation into foam cells, where lipoproteins are stored in the oxidised form(42). An unbalanced oxidative status is also involved into the rupture of the plaque and acute CV events, via activation of matrix-proteinases that lead to collagen and capsule degradation(43). Finally, ROS upregulate nuclear factor kappa-B (NF-B), which activates the transcription of several pro-inflammatory genes perpetuating the systemic inflammatory state.
Hyperglycaemia may also contribute to oxidative stress and endothelial dysfunction through different pathways. Sorbitol and fructose accumulation –and the increased formation of advanced glycation end products (AGEs) -are the main contributors. These pathways are mostly mediated via the activation of Protein Kinase C(44-46). AGEs accumulated in the plasma interact with receptors present on the endothelial membrane and contribute to endothelial dysfunction, stimulating apoptosis and oxidative stress (47).
Thrombophilia and blood viscosity are other factors associated with the development of vascular disease in NAFLD. Not only do patients with NAFLD show a higher risk of thromboembolic events(48) but also increased levels of plasminogen activator inhibitor-1 (PAI-1), fibrinogen, factor VIII (FVIII) and von Willebrand Factor (vWF) have been documented(49, 50). In particular, the increase in PAI-1 has been shown to be related to NAFLD severity, such as severe steatosis and presence of NASH, independently of the presence of metabolic factors(51). Lower levels of tissue plasminogen activator (t-PA) may also outbalance towards a pro-coagulative status(52).
Large Genome-Wide Association Study (GWAS) have identified specific genes which confer susceptibility to NAFLD presence and severity. However, only few data address genetic predisposition to CV risk in these patients. In particular, Transmembrane 6 Superfamily Member 2 (TM6SF2) encodes for a protein influencing the secretion of TG-rich lipoproteins and hepatic lipid droplet content(53). The carriage of the wild-type allele ofTM6SF2promotes the secretion of triglycerides and cholesterol into the circulation with an overall reduced hepatic fat content. Of note, these patients develop a severe dyslipidaemia, which confers them an increased risk of atherosclerosis(54, 55). 
In conclusion, the development of atherosclerosis in NAFLD is mediated via a complex interplay of atherogenic dyslipidaemia, oxidative stress, pro-inflammatory status, hyperglycaemia, prothrombotic status and genetic predisposition.

SUBCLINICAL VASCULAR DISEASE IN NAFLD
The endothelium represents a key regulator in vascular homeostasis(56). Alterations of ED precede the development of morphological atherosclerotic changes, such as a more marked reduction in vascular compliance (Arterial Stiffness) and increased Carotid Intima-Media Thickness (cIMT). In NAFLD, several factors may impact on endothelial function, such as atherogenic dyslipidaemia, hyperglycaemia, oxidative stress, a chronic low-grade inflammatory status, as well as the prothrombotic status(57).
ED is defined as an imbalance between vasodilation and vasoconstriction and it is currently measured using Flow-Mediated Dilatation (FMD) of peripheral arteries(58). It is well-established that a single measurement suggesting ED can predict acute CV events, such as acute coronary syndrome (59-61), ischaemic stroke(62)as well as cerebral lacunar infarction(63). The presence of NAFLD has been associated with lower FMD after adjustment for sex, age, BMI and insulin resistance(64). A reduced FMD was also demonstrated in NAFLD regardless of the presence of features of MetS (65). Moreover, the reduction of FMD was significantly higher in patients with NASH compared with those with simple steatosis (66, 67)and correlated inversely with Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) levels(68).
Arterial elastic properties, including resilience and compliance of the vascular wall, depend on a dynamic turnover of structural proteins, such as collagen and elastin. Low-grade chronic inflammation, oxidative stress and other factors may outbalance towards an overproduction of collagen and a reduction in elastin content (69). As a result, Arterial Stiffness represents another established indicator of subclinical vascular disease as well as a measure of overall vascular health(70, 71).The measurement of carotid-femoral pulse wave velocity (cPWV), brachial-ankle pulse wave velocity (baPWV) or arterial stiffness index are currently used to detect arterial stiffness(72). Several studies have confirmed the association between arterial stiffness and NAFLD even in the absence of metabolic risk factors(73),(74). Moreover, a diagnosis of NAFLD also represents a strong predictor of faster stiffening in a 5-years follow-up study(75), independently from conventional CV risk factors(76). Finally, in a group of patients with biopsy-proven NAFLD, fibrosis stage was the main predictor of arterial stiffness(77).
The cIMT is the commonest method used to detect subclinical atherosclerotic vascular disease in clinical practice(78). In particular, cIMT is evaluated using high-resolution B mode ultrasound, with a higher thickness acting as an independent risk factor of stroke and myocardial infarction(79, 80).The association between cIMT and NAFLD has been widely-demonstrated in both clinically-diagnosed(76, 81)and histology-proven cases of NAFLD(66). In terms of the severity of liver disease, advanced fibrosis stage, assessed using NAFLD Fibrosis Score(82) and histology(83),was found to be independently associated with higher cIMT. Interestingly, genetic predisposition also seems to contribute to subclinical vascular disease. In particular, Patatin-like phospholipase domain-containing 3 (PNPLA3) has been extensively studied in NAFLD. PNPLA3 encodes a protein named adiponutrin which regulates the lipid metabolism within the hepatocytes (84). Patients carrying the wild-type CC PNPLA3 phenotype show higher cIMT compared to mutant GG carriers and to controls(85).
	To summarise, there are multiple lines of evidence that NAFLD correlates with the presence and the progression of subclinical vascular damage independently of other metabolic risk factors. Fibrosis stage is also associated with the severity of vascular disease. Notably, subclinical vascular damage has been also reported in adolescents and children diagnosed with NAFLD(86). 

CLINICAL VASCULAR DISEASE AND ACUTE CVEVENTS IN NAFLD
NAFLD has been associated with an increased risk of prevalent and incident clinical CVD(87). A recent Swedish longitudinal study has demonstrated that NAFLD generates a 54% increased hazard risk for all CVD compared with the general population(88).
Coronary artery disease has been extensively documented in patients with NAFLD. In selected populations, such as patients with clinical indications for coronary angiogram, NAFLD was associated with more severe vascular disease (triple vessel disease and critical stenosis) compared with controls(89, 90).Furthermore, the presence of NAFLD was associated not only with the number of diseased vessels, but also with the presence of high-risk plaques and faster disease progression(91),(92).The amount of liver steatosis in itself has been previously associated with clinical events. In particular, in subjects with ultrasound (US)-diagnosed NAFLD, the presence of severe steatosis was linked to higher mortality rates in patients admitted for ST-segment elevation myocardial infarction (STEMI), compared with those with mild and moderate steatosis(93). Moreover, patients with severe steatosis showed higher rates of impaired myocardial function after reperfusion. These alterations represent a strong predictor of decreased left ventricular function, larger infarct size and increased mortality(94, 95). However, a large meta-analysis including data from 279013 patients did not confirm a risk of ischaemic heart disease related to liver fat content(96). 
Cerebrovascular disease is the fourth highest cause of death and disability burden worldwide. A number of studies have hinted at an association between NAFLD and cerebrovascular disease(97-99). Of note, the presence of significant fibrosis, as represented by liver stiffness measurement (LSM) ≥8 kPa, has been associated with a 1.26x increased risk of stroke for each 1 kPa increase of LSM(100). Moreover, the presence of US-diagnosed NAFLD was found to be predictive of the severity and the progression of acute brainstem infarctions, a particular subgroup of stroke associated with high residual disability(101). A recent meta-analysis has also demonstrated that NAFLD is related to a higher risk of cerebral haemorrhage(102). However, the presence of NAFLD does not appear to predict a worse in-hospital outcome in patients admitted with acute ischaemic stroke(103). Overall, there is not enough evidence showing that NAFLD is associated with the occurrence and the severity of all forms of stroke. 
As a result of several observational studies, it may be argued that the higher incidence of ischaemic stroke observed in NAFLD may also indirectly reflect the presence of higher rates of atrial fibrillation (AF) in this population. Indeed, NAFLD is more prevalent among patients with AF and associated with AF in logistic regression analysis (OR 2.24: 95% CI: 1.18-4.29)(104). Interestingly, a recent study has highlighted that these patients tend to be undertreated for AF and stroke prophylaxis, probably because of the bleeding risk carried by the presence of advanced liver disease(105).
Finally, there has also been an increasing interest into the association between micro-vascular disease and NAFLD, in particular as a common cause of chronic kidney failure in these patients. It is well-known that the presence of diabetes and/or hypertension itself predisposes to the development of a wide spectrum of micro-vascular disease. However, some studies have suggested that NAFLD is associated with micro-angiopathy independently from traditional CV risk factors(106). In an Italian cohort of diabetic patients with USS diagnosed NAFLD, steatosis was found to be associated an increased risk in nephropathy(107, 108). Conversely, in a large cohort of 1763 Chinese diabetic patients, the presence of advanced fibrosis (as detected using transient elastography), but not the presence of steatosis, was associated with nephropathy (109).In this study, the odds of having microalbuminuria increased with the increase of LSM (OR for overall trend 1.16; 95%CI 1.04-1.3, p=0.011), with the highest odds for LSM≥11 kPa.



SCREENING FOR VASCULAR DISEASE IN PATIENTS WITH NAFLD
CVD represents the first cause of morbidity and mortality in patients with NAFLD. As such, guidelines consider CV risk assessment as mandatory in patients with NAFLD and to be repeated every 1-2 years according to individual cases(3, 4, 8). However, although it is recognised as a high-risk group, patients with NAFLD should at present follow the traditional management of CV risk factors, as there is currently no evidence for a dedicated management and screening pathway(110).Fibrosis stage represents the main factor associated with outcomes in NAFLD(5). Several studies have suggested that fibrosis stage can also predict the development of CVD, with the risk being directly proportional to fibrosis progression(111).The subgroup of patients having fibrosis stage F≥2 could be considered for CVD screening as those with advanced fibrosis (F3-F4) are at higher risk of dying from CV events (5, 112). The method selected for screening may be related to the experience of the specific centre, with carotid USS as a widely available candidate in clinical practice(25). On a larger perspective, there are a few studies evaluating combinations of blood tests in predicting CVD outcomes, although these are not sufficient currently to devise screening protocols. Moreover, there is no evidence supporting the use of traditional CV scores including Framingham and Qrisk-2 score in this population.
The Mean Platelet Volume (MPV) has been demonstrated to be useful in predicting CV events, as a result of an increased haemostatic activity. Based on age, MPV value and the presence of T2DM, our group has recently developed and validated a bespoke NAFLD CV risk score for the 1-year prediction of Major Acute Cardiovascular Events (MACE) in patients with NAFLD(113). The NAFLD CV risk score not only displayed an excellent performance both in the derivation and validation cohort but also outperformed traditional CV risk scores in the whole cohort. Being based on easily-to-obtain data and being disease-specific, it can be applied on a large scale with no further costs. However, unresolved questions such as the variability and the standardisation in the measurement of MPV still need to be addressed in further prospective studies(114, 115).
The association between gamma-glutamyltransferase (GGT)and atherosclerotic plaque has been well documented in the general population. The Framingham Offspring Study (FOS) was the first epidemiological study suggesting the association of GGT with CVD. In this study, GGT was associated with higher BMI, blood pressure, LDL-C, triglycerides and glucose. In particular, after adjustment for CV risk factors, GGT gave a 13% and 26% increase in the risk for CVD and mortality for each SD increase in GGT (116). Since then, several studies have investigated the association of GGT with clinical CVD or risk of death (117, 118), which seems to be partly mediated by age(119). The EASL guidelines mention the use of GGT as a potential tool for the estimation of CV risk in NAFLD(3). However, despite its strong association with CVD, a few studies have investigated the role of GGT in predicting CV risk and/or events in NAFLD with inconclusive results(120). 
Among non-invasive markers of fibrosis based on blood tests, NAFLD Fibrosis score (NFS) has been widely-studied as a tool for predicting clinical outcomes in NAFLD(121, 122).In the NHANES study, NFS predicted CV death (HR 3.46, 95%CI: 1.91-6.25, p<0.0001) after adjustment for metabolic risk factors(123). In a selected population of 14819 patients in post-acute coronary syndrome, high-risk NFS values also predicted a residual CV risk, identifying a group which was more likely to benefit from early ezetimibe therapy added to a statin(124). Notably, the variables included in the NFS (age, BMI, diabetes) are themselves related to clinical outcomes. As such, it is unclear whether the predictive role of NFS comes from the non-invasive estimation of fibrosis, rather than the presence of these confounding factors.
Over the last few years, LSM has become an established part of the evaluation of patients with NAFLD. Among non-invasive markers of fibrosis, LSM represents not only the most accurate in estimating fibrosis stage but also for prognosis in patients with NAFLD(125). In a recent study, in 426 biopsy-proven NAFLD patients, the presence of LSM≥8.7 KPa (probe M) or 7.2 kPa (probe XL) predicted CV events and subclinical disease, such as cIMT, PWV and diastolic dysfunction. Finally, one study hinted at the use of the Controlled attenuation parameter (CAP) score score ≥222 dB/m as a predictor of increased arterial stiffness(126).
[bookmark: _GoBack]To summarise, despite CVD representing the most common cause of death in patients with NAFLD, there is currently no evidence showing the benefit in screening these patients. Given that advanced fibrosis is a strong predictor factor for CV events, patients with fibrosis stage F≥2 may represent a reasonable target for CV screening. However, future prospective studies are necessary to ascertain the role of non-invasive markers of fibrosis in predicting CV outcomes in this population. Furthermore, it is important to optimise the management of metabolic risk factors in these patients. While there is only limited evidence that most antidiabetic drugs and/or statins may have an independent effect on NAFLD progression, it might be argued that these agents may have an indirect benefit on NAFLD by the reduction of overall metabolic risk. 


CONCLUSIONS
CVD represents the primary cause of death and mortality in patients with NAFLD. Clinical evidence shows that NAFLD acts as a risk factor for CVD development, severity and progression independently of the presence of traditional metabolic factors. Taking a long-term perspective, it might be expected that NAFLD will create a substantial contribution to the global future health burden due to CVD. Recent advancements in understanding of the mechanistic underpinning linking NAFLD to CV risk may allow for systematic CV risk assessment and management within this population.  
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Table 1. Observational studies investigating subclinical vascular damage in NAFLD.
	Study
	Study type
	Study population
	Outcomes

	Flow-mediated Dilatation

	Villanova et al., 2005(64)
	Single-centre prospective case-control study
	US-diagnosed NAFLD (n=52 NAFLD vs 28 controls matched for age, sex and metabolic risk factors)
	Low percentile FMD was associated with the number of metabolic risk factors. Low percentile FMD also associated with NAFLD after adjustment for age, sex, BMI and degree of insulin resistance.

	Mohammadi et al., 2011(65)
	Single-centre prospective case-control study
	US-diagnosed NAFLD (n=84 middle-aged with NAFLD alone vs 65 controls matched for age, sex, BMI)
	FMD significantly lower (6.4 vs 15.7, p<0.001) in NAFLD alone vs controls.

	Colaket al., 2013(66)
	Single-centre prospective case-control study
	Biopsy-proven NAFLD (n=51 NAFLD vs 21 healthy controls)
	FMD significantly lower (7.3 ±4.8 vs 12.5 ± 7.1, p<0.0001) in NAFLD vs controls. FMD was significantly lower in NAFLD also in absence of metabolic syndrome

	Persicoet al., 2017(67)
	Single-centre prospective case-control study
	Biopsy-proven NAFLD (n=93 NAFLD vs 37 healthy controls)
	FMD significantly lower (4.34 ± 1.5 vs 10.72 ±0.89, p<0.001) in NASH vs simple steatosis

	Centidagliet al., 2017(68)
	Single-centre prospective case-control study
	Biopsy-proven and/or USS diagnosed NAFLD (n=21 NAFL vs 33 NASH)
	FMD significantly lower (p<0.05) andESR and CRP significantly higher (p>0.05) in NASH vs simple steatosis

	Arterial Stiffness

	Liet al., 2015(75)
	Single-centre prospective observational study
	n=1225 participants from a general population
NAFLD was US-diagnosed
	The progression rate of arterial stiffness (adjusted for age) was significantly higher in the patients with NAFLDcompared withthose without NAFLD.

	Salviet al., 2010(76)
	Single-centre cross sectional study
	n=426 participants from a general population
NAFLD was US-diagnosed
	PWV wassignificantly higher in patients with isolated NAFLD compared with controls (7.98± 1.51 vs 7.4 ±1.47 m/s, p<0.0005)

	Sunbulet al., 2014(77)
	Single-centre case-control study
	n=150 patients (100 with biopsy proven NAFLD and 50 controls)
	Fibrosis stage predicted arterial stiffness (ß=0.24; t=0.1, p=0.003) in patients with NAFLD.

	Carotid Intima Media Thickness

	Zhenget al., 2018(81)
	Single-centre cross sectional study
	n=4112 40-years old participants from general population (n=1571 with US-diagnosed NAFLD) 
	NAFLD was significantly associated with elevated cIMT (OR=1.866,95%CI= 1.633-2.131, p<0.0001) also when adjusted for age, gender, BMI, current smoking status and regular exercising.

	Salviet al., 2010(76)
	Single-centre cross sectional study
	n=426 participants from a general population
NAFLD was US-diagnosed
	cIMT was significantly higher in patients with isolated NAFLD compared to controls (0.77± 0.15 vs 0.76 ±0.14 mm, p<0.0005)

	Colaket al., 2013(66)
	Single-centre prospective case-control study
	Biopsy-proven NAFLD (n=51 NAFLD vs 21 healthy controls)
	cIMT was significantly higher (0.67 ± 0.09 vs 0.52 ± 0.11 mm, p<0.0001) in NAFLD vs controls. cIMT was significantly higher in NAFLD also in absence of metabolic syndrome

	Chenet al., 2015(82)
	Single-centre cross sectional study
	n=2550 participants from general population. Fibrosis stage assessed with NAFLD Fibrosis score
	Advanced fibrosis indicated by NFS was positively associated with cIMT in patients with NAFLD.

	Di Costanzo et al., 2017(85)
	Single-centre case-control study
	n=257 patients (n=157 patients with US-diagnosed NAFLD)
	After adjustment for confounders median cIMT was higher in patients with NAFLD and CC genotype PNPLA3 compared withthose with NAFLD and mutant GG phenotype.


US: Ultrasound, NAFLD: Non-Alcoholic Fatty Liver Disease, FMD: Flow-mediated dilatation, BMI: Body Mass Index, NASH: Non-Alcoholic Steato-Hepatitis, OR: Odds Ratio, ESR: ErythrocyteSedimentation Rate, CRP: C-Reactive Protein, PWV: Pulse Wave Velocity, cIMT: carotid Intima Media Thickness, 95% CI: 95% Confidence Interval, NFS: NAFLD Fibrosis Score, PNPLA3: Patatine-like phospholipase domaine-containing protein 3.

Table 2. Observational studies investigating clinical vascular damage and acute cardiovascular events in NAFLD.
	Study
	Study type
	Study population
	Outcomes

	Ischaemic heart disease

	Hagstromet al., 2019(88)
	Single-centre cohort study
	n=603 patients with biopsy proven NAFLD
	Histological features did not predict the development of CVD.

	Wonget al., 2011(90)
	Single-centre prospective cross-sectional study
	n=612 patients recruited among those with indication for coronary angiogram.
n=356 with US-diagnosed NAFLD
	The presence of NAFLD was associated with coronary artery disease independently of other metabolic factors.

	Puchneret al., 2015(91)
	Single-centre cross-sectional study
	n=445 patient (n=182 with CT diagnosed NAFLD)
	Association between presence of NAFLD and high-risk plaque (OR 2.13, 95% CI:1.18-3.85) independent after adjustment for traditional risk factors

	Sinnet al., 2016(92)
	Single-centre retrospective study
	n=4731 patients without history of CVD, median follow-up 3.9 years.
	Atherosclerosis progression rate was higher in the group with NAFLD.

	Keskinet al., 2017(93)
	Single-centre cross-sectional study
	n=360 patients with STEMI
n= 191 patients with US-diagnosed NAFLD
	The presence of severe steatosis was associated with highest mortality rates.

	Emre et al., 2015(95)
	Single-centre cross-sectional study
	n=186 non-diabetic patients undergoing primary PCI
	FLD≥3 predicted absent myocardial perfusion and absent ST

	Lauridsen et al., 2018(96)
	Cohort study
	n=94708 patients from a general population
	Genetically high liver fat content was not casually associated with risk of IHD

	Cerebrovascular disease

	Kim et al., 2017(123)
	Single-centre retrospective study
	n=2237 patients (295 US-diagnosed NAFLD)
	The adjusted OR for ischaemic stroke was 1.267 (95% CI: 1.462-2.23) per 1 kPa increase of liver stiffness measurement.

	Li et al., 2018(101)
	Single-centre cross-sectional study
	n=306 patients (130 US-diagnosed NAFLD)
	NAFLD was associated with progression and severity of acute brainstem infarctions.

	Hu et al., 2018(102)
	Meta-analysis
	9 independent studies included
	NAFLD was shown to be associated with increased risk of cerebral haemorrhage (OR=1.85, 95% CI 1.05-3.27) and ischaemic stroke (OR= 2.51, 95% CI 1.92-3.28)

	Tziomalos et al., 2013
	Single-centre observational study
	415 patients admitted for acute ischemic stroke (n=32 with US-diagnosed NAFLD)
	Severity and prognostic neurological scores (the National Institute of Health Stroke Scale score at the admission and the modified Rankin scale score at discharge) were significantly higher in patients with NAFLD compared withthose without NAFLD.

	Zhang et al., 2018
	Single-centre cross-sectional study
	1688 elderly adults (≥65 years old) referred to the hospital
	NAFLD was associated with risk factors for AF (OR 2.76, 95%CI: 1.32-5.77) after adjustment for metabolic risk factors

	Whitsett et al., 2018
	Single-centre cross-sectional study
	 9108 patients from general population
	[bookmark: _Hlk2321502]Patients with NASH had a CHADS2Vasc score ≥2 indicating the need for anticoagulation. However, only 62.5% received appropriate therapy.

	Micro-vascular disease

	Targher et al., 2008(108)
	Single-centre cross-sectional study
	n=2103 patients with T2-DM
	NAFLD was associated with increased rates of CKD (OR 1.87; 95%CI 1.3-4.1, p=0.02) and proliferative/laser-treated retinopathy (OR 1.87; 95%CI: 1.1-3.7, p=0.031)

	Yeung et al., 2018(109)
	Single-centre cohort study
	n=1763 patients with T2-DM
	OR of microalbuminuria increased with LSM score, with the highest for LSM≥11 kPa. (adjusted OR 1.53, 95%CI 1.07-2.2, p=0.021).

	
	
	
	

	
	
	
	


NAFLD: Non-Alcoholic Fatty Liver Disease, CVD: CardioVascular Disease, CT: Computerised Tomography, OR: odds ratio; 95%CI: 95% Confidence Interval, STEMI: ST elevation myocardial infarction, PCI: Percutaneous Coronary Intervention, IHD: Ischemic Heart Disease, kPa: kilopascal, T2-DM: Type-2 Diabetes Mellitus, AF: Atrial Fibrillation, CKD: Chronic Kidney Disease, LSM: Liver Stiffness Measurement, CHADS2Vasc: Score for for Atrial Fibrillation Stroke Risk, FLD: Fatty liver disease, US: ultrasound.

