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Non-alcoholic fatty liver disease–From the cardiologist perspective

Introduction

Non-alcoholic fatty liver disease (NAFLD) is globally the most 
prevalent chronic liver disease, and it encompasses a wide ar-
ray of diseases, including simple steatosis. The spectrums of 
disorders included in NAFLD are benign macrovesicular hepatic 
steatosis, non-alcoholic steatohepatitis (NASH), hepatic fibrosis, 
cirrhosis of liver, and hepatocellular carcinoma. While simple 
steatosis may be clinically stable, NASH can be progressive (1). 
At present, there is no specific test that can predict progres-
sion of simple steatosis to NASH. Inflammation is believed to be 
the driving force behind NASH and the progression to fibrosis 
and subsequent cirrhosis. NAFLD is strongly associated with 
obesity, insulin resistance, hypertension, and dyslipidemias. It 
is currently considered the liver component of the metabolic 
syndrome, an acutely atherogenic component (2). This paper 
is a narrative review about cardiovascular disease associated 
with NAFLD and subsequent cardiovascular risk. We selected 
the papers published in PubMed since 2000 using the following 
key words: non-alcoholic fatty liver disease and cardiovascular 

disease. We found 1231 papers; 435 and 39, respectively, out of 
these were reviews and clinical trials. Due to a large variety of 
cardiology fields and inhomogeneous outcomes, it was impos-
sible to perform a systematic review.

Prevalence, pathogenesis, and diagnosis of non-alcoholic 
fatty liver disease
In eastern countries, NAFLD is present in approximately 12–

24% of the general population, in 25–90% of obese patients and, 
in 70% of patients with type 2 diabetes mellitus (3). However, the 
real prevalence of this disease may only be estimated as precise 
non-invasive diagnostic methods are not yet available (2).

Recently were identified the major inherited factors of he-
patic fat accumulation and susceptibility to progressive NASH; 
these abnormal gene variants are also the major factors of 
inter-individual differences in liver steatosis (4). The theory of 
systemic lipotoxicity has been applied to NASH, where exces-
sive or dysfunctional regulation of free fatty acids and/or their 
metabolites induces cellular injury and death. The presence of 
inflammation on liver biopsy is associated with the development 
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of advanced fibrosis in NASH. The presence of acinar inflamma-
tion is essential for histological diagnosis of adult NASH. Portal 
inflammation is increasingly recognized as an important feature 
of NASH, probably mediated by hepatic macrophages.

NAFLD diagnosis requires no significant alcohol drinking 
history and fatty liver presence on imaging (5). After this first 
step, it is mandatory to establish how severe the fatty liver 
disease is—simple steatosis, steatohepatitis, hepatic fibrosis, 
or cirrhosis of liver. Even though liver biopsy is the gold stan-
dard method for NAFLD diagnosis, which is often refused by 
the patients, abnormal liver chemistry and imaging studies are 
very important (6).

However, abnormal values of liver function parameters such 
as aspartate aminotransferase (AST) and alanine transaminase 
(ALT) do not have significance for NASH diagnosis. Even though 
the AST:ALT ratio increases with NAFLD stages, these biological 
markers can be normal even in advanced NAFLD.

Abdominal ultrasound is the first step in NAFLD diagnosis 
in daily practice because it is easily available, without radiation 
exposure, and inexpensive (5). The criteria suggesting NAFLD, 
observed on abdominal ultrasound, were hepatomegaly, hy-
perechogenity of the liver parenchyma, and blurred vascular 
margins. However, this imaging modality cannot detect and dif-
ferentiate NASH stages; in addition, it has other limitations like 
operator experience and technical difficulties in obese patients. 
It seems that computed tomography is not more sensitive than 
abdominal ultrasound in detecting hepatic steatosis (6). 

Imaging techniques like conventional magnetic resonance is 
not recommended because it assesses the liver fat signal, which 
is not a reliable method (6). The proton density fat-fraction as-
sessed directly by new magnetic resonance imaging techniques 
seems to be correlated with histologic grades of NAFLD. There-
fore, magnetic resonance imaging is superior in differentiating 
different stages of fibrosis (7). Similarly, Fibroscan can detect the 
stages of hepatic fibrosis (5). The main challenge faced by physi-
cians is to differentiate between mild, benign forms of fatty liver 
disease and the more progressive, severe forms that necessitate 
aggressive therapy. In this context, risk scores are an efficient 
tool for the physician, as a relatively simple method that relies 
on identifying and measuring objective factors.

There are some non-invasive scoring systems to predict 
NASH/NAFLD in patients with severe or morbid obesity or in 
general population, to select patients for liver biopsy or to find 
out whether patients have advanced hepatic fibrosis (7-11).

The HAIR score (8) (the acronym for: Hypertension, ALT and 
Insulin Resistance) is useful in predicting NASH in patients with 
severe obesity (body mass index or BMI ≥35 kg/m2). It facilitates 
the selection of individuals who may benefit from liver biopsy 
and auxiliary therapies. The HAIR score (8) is based on three pa-
rameters, whose presence is scored as follows:

1. Hypertension: 1 point
2. ALT >40 µI/L: 1 point
3. Insulin Resistance Index >5.0: 1 point

The presence of a minimum of two parameters has high di-
agnostic sensitivity (80%) and specificity (89%) for NASH. The 
presence of all three factors establishes the NASH diagnosis (8). 

The BAAT score (9) may be used to select patients presen- 
ting with abnormal liver function tests for liver biopsy. Detection 
of only one of the following parameters excludes septal fibrosis 
or hepatic cirrhosis. 

1. BMI ≥28 kg/m2: 1 point
2. Age ≥50 years: 1 point
3. ALT ≥2 x normal value: 1 point
4. Triglycerides ≥1.7 mmol/L (150 mg/dL): 1 point
A final score of either 0 or 1 has 100% negative predictive 

value for septal fibrosis (100% sensitivity and 46% specificity) (9).
The NICE model (10) is based on the presence of the meta- 

bolic syndrome (as defined by International Diabetes Fede- 
ration—IDF criteria), AST and cytokeratin-18 fragment serum 
levels. The IDF criteria that define the metabolic syndrome are 
central obesity (waist circumference of over 80 cm in women 
and 94 cm in men) and any two of the following:

1. Triglycerides ≥1.7 mmol/L or under treatment for hyper-
triglyceridemia;
2. HDL-cholesterol <1.29 mmol/L in women or <1.03 mmol/L 
in men;
3. Systolic arterial tension ≥130 mm Hg or diastolic ≥85 mm 
Hg or under treatment for hypertension;
4. Fasting glycemia ≥5.6 mmol/L or previous diagnosis of 
Type II Diabetes.
The formula (10) to determine this score is 5.654+3.78E-02xAST 

(UI/L)+2.215E-03xCK18 fragment level (UI/L)+1.825x(metabolic 
syndrome present=1)

A score value of ≥5 allows for an accurate diagnosis of 
NAFLD in patients with morbid obesity (8).

Another model that incorporates the presence of diabetes, 
ALT levels, hypertriglyceridemia, and sleep apnea may be useful 
in selecting patients with morbid obesity for liver biopsy and es-
tablishing the NASH diagnosis. This particular model has a nega-
tive predictive value of 89.7% in low-risk patients and a positive 
predictive value of 75% in patients with extremely high risk (10).

Another risk score used is the fatty liver index (FLI) score 
(11), which is designed to aid the diagnosis of NASH in the gene- 
ral population. It uses the serum levels of the triglycerides and 
gamma-glutamyl transpeptidase, BMI, and waist circumference. 
The score is determined based on the following formula:
FLI=(e 0.953 x loge(triglycerides)+0.139xBMI+0.718xloge(GGT)+
0.053 x waist circumference-15.745)/(1+e 0.953xloge(triglycerides)+
0.139xBMI+0.718xloge(GGT)+0.053xwaist circumference-15.745)x100

An FLI under 30 may be used to exclude hepatic steatosis 
(87% sensitivity). A value ≥60 has 86% specificity for the diagno-
sis of hepatic steatosis (11).

BARD score uses the following parameters: BMI >28 (yes=1, 
no=0), AST/ALT ≥0.8 (>0.8=2, ≤0.8=0) and diabetes mellitus 
(yes=1, no=0) (7). It ranges from 0 to 4. A BARD score of 0 to 
1 means low probability of advanced hepatic fibrosis (negative 
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predictive value 96%) and score 2 to 4 means high probability of 
hepatic fibrosis (positive predictive value 43%) (7).

NAFLD fibrosis score depends on age year, BMI (kg/m2), dia-
betic status (yes=1, no=0), AST, ALT, platelet count and albumin 
(7). The following formula is used to calculate it: –1.675+0.037x 
age+0.094xBMI+1.13ximpaired fasting blood glucose/diabetes 
+0.99xAST/ALT ratio-0.013xplatelet (109/L)-0.66xalbumin (g/dL). If 
the score is less than –1.455, there is low probability of advanced 
hepatic fibrosis (negative predictive value ≥87%); and if the score 
is >0.676, there is high probability of advanced hepatic fibrosis 
(positive predictive value ≥78%). If the score is intermediate (bet- 
ween –1.455 and 0.676), there is indeterminate probability and 
these patients need to have liver biopsy for further assessment.

Fibrosis 4 index uses age, AST, ALT, and platelet count for as-
sessing the necessity of liver biopsy (7). The formula this score is 
age (years)xAST (U/L)/platelet (109/L)x[ALT (U/L)]1/2. If the score 
is <1.30, there is low probability of advanced hepatic fibrosis 
(negative predictive value 90%); and if the score is >2.67, there is 
high probability of advanced hepatic fibrosis (positive predictive 
value 80%) (7). If the score is intermediate (1.30 to 2.67), the pos-
sibility of having advanced hepatic fibrosis is indeterminate and 
liver biopsy is warranted.

APRI score uses the following formula: AST level (IU/L)/AST 
upper limit of normal (IU/L)/[platelet count (109/L)]x100 (7). If the 
score is ≤0.5, there is low probability of hepatic fibrosis (nega-
tive predictive value 83%) and if the score is >1.5, there is high 
probability (positive predictive value 68.4%) of hepatic fibrosis 
(7). The intermediate score (0.5 to 1.5) do not indicates a clear 
probability for liver fibrosis, therefore liver biopsy should be 
done in those patients.

Non-alcoholic fatty liver disease and cardiovascular disease
Many studies have underlined the association between 

NAFLD and cardiovascular disease (1–3). The most important 
characteristic of this association is the rise in mortality and mor-
bidity. Studies have shown that mortality in NAFLD patients is 
higher than that in the general population and is mainly deter-
mined by the concomitant cardiovascular disease and by the he-
patic dysfunction. The two main causes of mortality have been 
identified as neoplasia and ischemic heart disease. The third-
ranked cause of mortality identified was non-liver neoplasia. On 
the contrary, data from a National Health and Nutrition Examina-
tion Survey study, which included 11,000 adults screened for an 
average period of 14 years, suggested no independent associa-
tions between NAFLD and number of deaths caused by cardio-
vascular disease (2). 

Non-alcoholic fatty liver disease and coronary 
atherosclerosis
A strong association between NAFLD and CAD has been 

suggested. In patients diagnosed with both pathologies, who 
have underwent a coronary angiography investigation, a strong 
connection between NAFLD and CAD has been shown, an as-

sociation that is independent of risk factors common to both 
diseases (age, male sex, hyperglycemia, diabetes mellitus, and 
abnormal lipid profile) (12). The association between NAFLD 
and CAD involves the severity of the stenosis; there is a 51% 
increase in NAFLD patients in those with mild and insignificant 
coronary stenosis to 100% in patients with three affected coro-
nary arteries (13). Even if these studies have identified an as-
sociation between NAFLD and angiography detected CAD, after 
adjusting for traditional cardiovascular risk factors and meta-
bolic syndrome components, none of the above has evaluated 
the functional significance of the coronary lesions. In any case, 
this association should not be overestimated, given the fact 
that the clinical effect is determined by ischemia rather than by 
coronary anatomy (12).

Coronary arterial calcification assessed by computed to-
mography represents a marker for sub-clinical atherosclerosis 
(1). It seems that there is an association between NAFLD and 
a high score for coronary artery calcifications, irrespective of 
traditional cardiovascular risk factors or metabolic syndrome 
components (14). However, one of these studies has pointed 
towards much stronger association between NAFLD and vul-
nerable plaques than coronary stenosis (1). Nevertheless, a 
recent study conducted on a sample of 2424 patients has not 
detected any significant correlations between NAFLD and sub-
clinical cardiovascular disease, the discrepancies having been 
interpreted by the authors as racial differences amongst study 
participants (15).

Even more, patients with NAFLD have microcirculatory dis-
function reflected by a reduction in coronary flow reserve, in-
dependent of metabolic risk factors. NAFLD fibrosis score cor-
relates with the severity of microcirculatory dysfunction and is 
predictive of impaired coronary flow reserve (2). 

Non-alcoholic fatty liver disease and carotid artery 
atherosclerosis
Intima-media thickness (IMT) of carotid arteries represents 

a marker for subclinical atherosclerosis, regardless of insulin 
resistance, metabolic syndrome components, and traditional 
cardiovascular risk factors (16). An ultrasonographic, non-inva-
sively measured carotid artery IMT has been associated with 
an increasing in cardiovascular risk. A recent meta-analysis of 
4 studies including 1947 cases has revealed a strong association 
with both: a pathologic carotid artery IMT and the presence of 
carotid plaque (17). The main characteristics of the studies that 
analyzed the link between NAFLD and IMT are shown in Table 
1 (16–27). Because atherosclerosis is accelerated in diabetic 
patients, we have excluded studies on patients with this patho- 
logy. Even if NAFLD is ultrasonographically diagnosed (a subjec-
tive method that may only detect steatosis once the presence 
of fat is over 33% in the liver biopsy), the two studies (18,19) that 
used biopsy for the diagnosis of NAFLD confirm the data from 
the other studies, specifically the association between NAFLD 
and carotid artery IMT, whose value increases together with 
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the severity of hepatic lesions. Moreover, Gastaldelli et al. (19) 
has used FLI score for the NAFLD diagnosis, and has concluded 
that patients with an FLI over 60 have an increased probability 
of suffering from both hepatic steatosis and early carotid ar-
tery atherosclerosis. In this study, subjects did not present with 
manifest cardiovascular disease, type II diabetes mellitus, or 
hypertension.

Non-alcoholic fatty liver disease and endothelial 
dysfunction
The earliest detectable component in the development of 

atherosclerosis is endothelial dysfunction (20). The most com-
mon way to detect it is by using flow-mediated dilatation (FMD) 
of the brachial artery. There was evidence that FMD was signifi-
cantly reduced in patients with NAFLD after adjustment for age, 

Table 1. Association between carotid intima-media thickness (IMT) and non-alcoholic fatty liver disease (NAFLD) on studies with at least 100 
non-diabetic subjects

Reference 

Volzke et al. 
2005 (18) 
 
 

Targher et al. 
2006 (20) 
 
 

Fracazany et al. 
2008 (16)

Gastaldelli et al. 
2009 (19) 
 

Mohammandi et al. 
2011 (22)

Neri et al. 
2011(23) 
 

Huang et al. 
2011 (27) 

Kang et al. 
2012 (24) 
 
 

Kim et al. 
2013 (25) 
 

Lankarani et al. 
2013 (26) 

Sesti et al. 
2014 (21)

Study design 

Population based 
cross-sectional 
 
 

Prospective 
matched cohort 
 
 

Prospective 
case-control

Population based 
study 
 

Prospective 
case-control

Prospective 
cross-sectional 
 

Population-based 
cross-sectional  

Prospective 
cross-sectional 
 
 

Cross-sectional 
 
 

Population-based 
case-control 

Cross-sectional

Adjusted for 

Age, gender, alcohol 
consumption, smoking, 
diabetes, Hypertension, BMI, 
total cholesterol/HDL ratio, 
plasma fibrinogen levels 

Age, gender, smoking, 
diabetes, BMI, LDL 
cholesterol ratio 
metabolic syndrome, HOMA-
IR score

 
Insulin sensitivity index, 
Framingham risk score 
 

Metabolic syndrome 

 
 
 
Age, sex, metabolic 
syndrome, conventional 
cardiovascular risk factors

Age, BMI, blood pressure, 
waist circumference, lipid 
profile, liver enzyme, hs-CRP 
 

Age, systolic blood pressure, 
triglycerides, HDL-
cholesterol, BMI 
 
 

Age, gender, smoking, 
metabolic syndrome, statin 
and antihypertensive therapy

Conclusion 

NAFLD was independently 
associated with carotid 
plaques, but not with IMT 
 

The histological severity of 
NAFLD independently predicts 
carotid IMT 
 

Mean IMT was significantly 
higher among NAFLD patients

Independent association 
between FLI and IMT on 
subjects without diabetes or 
hypertension

NAFLD strongly associated 
with IMT

An increased IMT was 
significantly associated with 
the degree of liver steatosis 
and fibrosis in HD patients

NAFLD was independently 
associated with elevated IMT 

 
NAFLD is significantly 
associated with carotid 
atherosclerosis in non-diabetic 
outpatient even without 
metabolic syndrome

Women with an ALT level above 
the middle of the reference 
range had a higher IMT only 
when they also had NAFLD

Patients with NAFLD had a 
significantly higher prevalence 
of increased IMT

Individuals with high and 
intermediate probability of 
liver fibrosis had higher value 
of IMT

Carotid 
phenotype

IMT, CP 
 
 
 

IMT, CP 
 
 
 

IMT, CP 

IMT 
 
 

IMT 

IMT 
 
 

IMT 
 

IMT 
 
 
 

IMT 
 
 

IMT 
 

IMT

NAFLD 
diagnosis

US 
 
 
 

Biopsy 
 
 
 

US 

FLI 
 
 

US 

Biopsy 
 
 

US 
 

US 
 
 
 

US 
 
 

US 
 

US

No. of 
pts

4222 
 
 
 

245 
 
 
 

375 

1307 
 
 

149 

150 
 
 

8632 
 

633 
 
 
 

769 
 
 

580 
 

400

ALT - alanine transaminase; BMI - body mass index; CP - carotid plaques; hs-CRP - high sensitivity-C Reactive Protein; FLI - fatty liver index; HD - hemodialysis; HDL - high density 
lipoprotein; HOMA-IR - homeostasis model assessment-estimated insulin resistance; IMT - intima media-thickness; LDL - low density lipoprotein; NAFLD - non-alcoholic fatty liver 
disease; pts - patients; US - ultrasound
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sex, BMI, and insulin resistance, and this reduction was paral-
lel with histological progression (21). In 84 patients with NAFLD, 
Mohammadi et al. (22) showed that even in the absence of the 
metabolic syndrome, NAFLD is associated with endothelial dys-
function quantified by FMD. Another study conducted on Indi-
ans has shown an association between endothelial dysfunction 
and NAFLD. The presence of NAFLD has been independently 
associated with impaired FMD even after factoring in adiposity, 
blood pressure, lipid levels, and the presence of the metabolic 
syndrome (28). Furthermore, it has been proved that histological 
severity of NAFLD is independently associated with FMD (29). In 
addition, endothelial function, evaluated by strain-gauge plethys-
mography, is significantly reduced in hypertensive patients with 
associated liver steatosis comparing with those without (30).

An elevated level of asymmetric dimethyl arginine (ADMA), 
an endogenous competitive inhibitor of nitric oxide synthase, is a 
risk factor for endothelial dysfunction. A study, which evaluated 
endothelial dysfunction by IMT, FMD, and plasma ADMA levels 
in 51 biopsy proven NAFLD subjects and 21 age- and sex-equiv-
alent subjects in the control group, found significantly impaired 
endothelial dysfunction in patients with NAFLD compared with 
control (31). Although the plasma ADMA levels were similar in 
patients with NAFLD and healthy control subjects, it was higher 
in patients with definitive NASH than in patients with simple ste-
atosis and borderline NASH, but there was no significant differ-
ence between the groups (31). 

It has been suggested that repair of endothelial cell damage 
is modulated by circulating bone marrow–derived endothelial 
progenitor cells (EPCs) and levels of EPCs reflect endothelial 
repair capacity (32). EPC numbers and migratory capacity are 
impaired in patients with CAD, and this impairment relates to the 
number of risk factors for cardiovascular artery disease. The pa-
tients with NAFLD have decreased circulating EPC numbers and 
impaired adhesive function and migration than those without 
NAFLD. These findings suggest that attenuated endothelial repair 
capacity may contribute to atherosclerotic disease progression 
and increased risk of cardiovascular events in NAFLD patients.

Non-alcoholic fatty liver disease and arterial stiffness
It has been shown that arterial stiffness is an independent 

indicator of symptomatic cardiovascular disease and events, 
as well as a measure of vascular health. Brachial-ankle pulse 
wave velocity (ba-PWV) is widely used as a simple index of as-
sessing arterial stiffness and early atherosclerotic change (33). 
Several studies, made especially in Asia, investigate connection 
between ba-PWV and NAFLD. Huang et al. (27) has shown in 
a population-based study on 8632 subjects that NAFLD is as-
sociated with elevated ba-PWV, independent of conventional 
cardiovascular risk factors and the presence of metabolic syn-
drome. Young and middle-aged subjects without hypertension, 
diabetes, and obesity were included in an observational study 
that showed that NAFLD is independently associated with arte-
rial stiffness (34). On 100 biopsy-proven NAFLD patients, Sün-

bül et al. (35) have investigated the relationships between arte-
rial stiffness and the histological severity of NAFLD. They have 
demonstrated that increased arterial stiffness in NAFLD could 
reflect both the severity of the underlying hepatic disease and 
the extent of ectopic fat deposition (not only in the liver but also 
in the pericardium).

Non-alcoholic fatty liver disease and the pro-coagulant status
The presence of a hypercoagulability status linking NAFLD 

with a high risk of developing cardiovascular disease has been 
suggested based on the inflammatory status associated with 
this pathology and on epidemiological studies (1). Highly sensi-
tive C-reactive protein (hs-CRP) levels were greater in patients 
with hepatic steatosis than in those without, regardless of meta-
bolic changes (17). Another study, which evaluated 2388 patients 
diagnosed with NAFLD by echography, concluded that elevated 
levels of hs-CRP are associated with hepatic steatosis indepen-
dent of obesity, metabolic syndrome, and other cardiovascular 
risk factors (36). Many other cross-sectional studies have shown 
that the serum levels of certain inflammatory markers, such as 
interleukin-6 and tumor necrosis factor, are elevated in NAFLD 
patients, average in those with simple steatosis, and low in non-
steatosis, control subjects, and that these differences are inde-
pendent of obesity and other factors (3).

However, a direct link between NAFLD and a pro-coagulant 
status has not been established yet, probably because of lack 
of an appropriate set of tests to explore in vivo coagulation. 
One study including 44 NAFLD patients has established that the 
thrombotic risk factors (the most frequent being resistance to 
activated protein C and protein S) are present in at least half of 
NAFLD patients, and that the presence of one or more thrombotic 
risk factors is associated with marked fibrosis (36). Another 
study including 60 patients with NAFLD diagnosed by liver biopsy 
has shown that thrombotic risk factors are present in more than 
a third of NAFLD patients, the most frequent risk factor being an-
ti-cardiolipin antibodies (37). Tripodi et al. (38) have established 
that the plasma of the studied patients presents with a pro-co-
agulant imbalance that progresses from the initial phases of the 
disease to the most severe cirrhosis. The pro-coagulant unba- 
lance seems to stem from the combined effect of an increase in 
factor VIII and a reduction in protein C levels and may cause an 
increase in thrombosis risk and/or hepatic fibrosis.

In a recent study (39), a wide array of pro-coagulant factors 
was investigated on a large sample of patients with NAFLD di-
agnosed by liver biopsy, and compared with a sample lacking 
in histological anomalies. It was determined that after correc- 
ting for metabolic risk factors, the plasma levels of the activat-
ed plasminogen inhibitor 1—a major inhibitor of the fibrinolytic 
system—were significantly elevated. These levels strongly cor-
related with the severity of the disease. Moreover, substantial 
epidemiologic clues point towards the fact that increased levels 
of activated plasminogen inhibitor 1 contribute to developing 
ischemic heart disease in the general population (39).
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It has also been established that an increased platelet volume 
is associated with higher platelet activation. The average plate-
let volume (APV), which influences platelet activation, is a risk 
factor for atherothrombosis. An increase in APV is associated 
with acute myocardial ischemia (40), with an unfavorable prog-
nosis for acute cerebrovascular ischemic events, independent 
of other clinical factors (41). A study conducted on 100 patients 
with NAFLD diagnosed by hepatic biopsy has concluded that the 
histological severity of the hepatic injury and inflammation is 
strongly associated with high levels of APV and therefore repre-
sents a potential increase in cardiovascular risk (42). Converse-
ly, Kılçıler et al. (43) did not find any APV modifications in NAFLD 
patients compared to those without.

Non-alcoholic fatty liver disease and cardiac structure and 
functions
It seems that NAFLD could affect both left ventricular sys-

tolic and diastolic function (44,45). Even though some of these 
studies included fewer than 100 patients, it is very important that 
the results remained significant after adjustment for cardiomet-
abolic risk factors. These outcomes are sustained by other sub-
sequent studies; one of these studies underlined the changes of 
structures related to left ventricular diastolic function, such as 
left atrium deformation parameters and presence a subclinical 
myocardial dysfunction by speckle-tracking techniques (46,47). 
In these patients, there are consequences even on right vent- 
ricular diastolic and systolic functions (48). In addition, NAFLD 
could affect cardiac valves and is strongly associated with an 
increased risk of prevalent aortic valve sclerosis (49). Therefore, 
we could talk about an increased rate of congestive heart failure 
in this patient population (50). Obviously, due to these changes in 
cardiac and valvular function, there is also a high risk of arrhyth-
mias, especially atrial fibrillation (50).

Conclusions

This narrative review underlined the association between 
NAFLD and cardiovascular disease. Many studies have shown 
that patients diagnosed with non-alcoholic fatty liver disease 
show a high incidence of cardiovascular events, independent of 
other risk factors. There is a strong association between NAFLD 
and endothelial dysfunction, arterial stiffness, hypercoagulability 
status, coronary and carotid artery atherosclerosis, cardiac and 
valvular functions, congestive heart failure, and arrhythmias (es-
pecially atrial fibrillation). The most important characteristic of 
this association is the rise in mortality and morbidity. Therefore 
non-alcoholic fatty liver disease diagnosis should become a red 
flag for the presence of high cardiovascular risk. Lifestyle modifi-
cations and drug therapy need to be initiated in an individualized 
manner for this group of patients, as well as the institution of 
periodic screening, in order to decrease the cardiovascular risk. 
Future studies may be necessary to determine the potential ben-
efits of screening for the non-alcoholic fatty liver disease diag-

nosis and, implicitly, to highlight a category of high cardiovascu-
lar risk patients who may benefit from aggressive cardiovascular 
prevention strategies.
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