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Editorial Commentary

New insights into the association between non-alcoholic fatty liver 
disease and atherosclerosis
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In a recent study, Koo et al. (1) showed the association 
between non-alcoholic fatty liver disease (NAFLD) and 
systemic calcified atherosclerosis. Those investigators 
studied 4,185 patients from a community-based cohort 
evaluated for calcified atherosclerosis in eight different 
vascular beds, NAFLD was independently associated with 
calcification in the thoracic aorta and celiac trunk and also 
with multiarterial calcification (four or more evaluated 
arteries), even after adjustment for confounders.

There are substantial epidemiological studies that 
have linked NAFLD with subclinical atherosclerosis by 
associating it with certain parameters such as flow-mediated 
vasodilatation. Such an association was inferred from the 
finding that when a high-resolution external ultrasound 
is performed to measure brachial artery diameter in the 
basal state and in response to an increase in blood flow 
(induced by inflation to 250 mmHg and the deflation of 
a sphygmomanometer cuff around the forearm), patients 
with NAFLD show impaired endothelium-dependent 
flow-mediated vasodilatation (2). Other markers such as an 
increased carotid artery intima-media thickness obtained by 
using B-mode carotid ultrasound (3) and arterial stiffness 
determined by measuring the carotid-femoral pulse wave 
velocity (PWV) are also associated with NAFLD (4).

Interestingly, in the study from Koo et al. (1) the presence 

and extent of coronary atherosclerosis coronary artery 
calcium score was determined by computed tomography. A 
method previously validated tool to assess coronary heart 
disease risk. That is important because the analysis has 
shown that segments with greater calcification tend to have 
a larger burden of atherosclerotic plaque and percentage 
lumen stenosis.

On the other hand, many patients included in those 
studies already had cardiovascular risk factors as well as 
components of the metabolic syndrome, thereby making it 
difficult to determine independent associations presenting 
numerous bias. In Table 1, we showed a summary of 
systematic reviews and meta-analyses which shows a 
significant association between NAFLD and CVD. The 
studies included in those meta-analyses were mainly 
observational ones, leaving a possibility of debate and 
even generating disagreement in some of them (5,6). 
Despite this, in daily practice, it has been suggested that 
patients with an incidental diagnosis of fatty liver should 
have a full evaluation of risk factors related to CVD and 
fibrosis for a better approach and treatment plan with the 
objective of preventing liver, cardiovascular, and metabolic 
complications (7). In the next paragraphs, we want to show 
why patients with NAFLD are prone to develop CVD and 
the molecular mechanisms involved in this process.
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Impact of NAFLD on the pathogenesis of 
atherosclerosis

NAFLD is a clinical entity which should be considered as 
a multisystem disease closely related to other metabolic 
diseases, such as diabetes and metabolic syndrome. Fatal as 
well as non-fatal CVD remain the primary complications 
in such patients. Although it is difficult to determine the 
independent relationship of NAFLD with CVD, it is 
clear that the mechanisms involved in its pathogenesis are 
extremely complex. It is well known that patients with fatty 
liver present an increase in visceral adipose tissue (AT) 
secondary to an inadequate intake of food. This causes a 
dysfunction in the AT generating insulin resistance (IR), 
thereby increasing lipolysis and resulting in a greater 
release of free fatty acids (FFAs) into the bloodstream (8).  
Additionally, several pro-inflammatory signaling pathways 
are activated in the AT through two intracellular 
transcription factors: the nuclear factor κβ (NF-κβ) and 
the c-Jun N-terminal kinase (JNK). FFAs cause IR in 
other tissues such as skeletal muscle. This initiates a 
systemic hyperinsulinemia that reaches the liver and other 
organs such as the pancreas and heart and promotes the 
formation of fatty deposits by inducing lipogenesis by the 
sterol regulatory element-binding protein 1c inhibiting 
β-oxidation and establishing steatosis. In the liver, the NF-
ĸβ pathway is also activated producing pro-inflammatory 
cytokines such as IL-6, CPR, monocyte-1 chemotactic 
proteins and TNF-α, consequently amplifying systemic 
inflammation. Pro-coagulant factors are also increased, such 
as plasminogen activator inhibitor-1 (PAI-1), fibrinogen 
and factor VII. Further, there is a greater formation of 
stress molecules such as reactive oxygen species (ROS) 
and ceramides, besides a decrease in adiponectin levels, 
which favor the progression of NAFLD and increases 
cardiovascular risk (9). All these alterations cause endothelial 
dysfunction and arterial stiffness, thereby favoring the 
development of atherosclerosis. In a clinical trial we 
conducted in 2013, we attempted to explain how the liver is 
an essential part in the pathogenesis of atherosclerosis, by 
trying to compensate the endothelial dysfunction with an 
increase of early endothelial progenitor cells (EPCs). This 
was sustained by discovering that NAFLD patients had a 
greater number of these types of cells directly proportional 
to the degree of steatosis (10). Werner et al. (11) also 
showed that elevated levels of EPCs were related to a lower 
risk of CVD. However, in advanced stages of NAFLD in 
which a cardiovascular disorder may coexist, levels of EPCs 

are lower (12). Consequently, it would be important to 
investigate at which point in the progression of NAFLD 
this protective mechanism is downregulated and therefore 
favors the development of atherosclerosis. In another study, 
we also found that subjects who had gallstone disease (GD) 
exhibited greater carotid atherosclerosis and therefore, 
an increased cardiovascular risk (13). This reaffirms that 
metabolism-related diseases are intimately connected to 
each other by countless pathophysiological mechanisms and 
for this reason they must be seen as a dynamic process.

Atherosclerotic plaque development

For the development of atherosclerotic plaque, high 
concentrations of LDL-C, especially oxidized LDL-C (ox-
LDL), are almost always necessary (14). These ox-LDL bind 
with great affinity to macrophage scavenger receptors in 
the vascular endothelium resulting in the formation of foam 
cells (Figure 1). Moreover, they induce inflammation by 
the formation of neo-epitopes that stimulate both humoral 
and adaptive immunity (14). Therefore, the interaction 
of metabolic disturbances and the immune system has 
been increasingly studied, establishing new mechanisms 
in which the liver can be part. In recent years, the NLRP3 
inflammasome has been discovered as an important and 
key regulator of metabolic inflammation and endothelial 
dysfunction through the activation of NF-κβ pathway. 
Finally, epigenetic factors are yet another topic of great 
interest and debate. The microRNA is a single-stranded 
RNA that acts as a transcription factor for various genes to 
regulate metabolism (15). Several microRNAs have been 
implicated both in NAFLD and atherosclerosis. However, 
the most important to highlight would be microRNA-155 
acting as a promoter in cholesterol uptake by expressing 
scavenger receptors, LOX-1, CD36 and CD68. The 
other one would be microRNA 33a/b which decreases 
the efflux of cholesterol in macrophages by inhibiting 
the expression of ABCA1 and NPC1 transporters (15).  
Another important epigenetic mechanism is advanced 
glycation end products (AGEs) involved in atherosclerosis 
development by impairing the anti-atherogenic property 
of apolipoprotein A-I, resultantly making HDL-C 
dysfunctional. Furthermore, AGEs inhibit both ABCA1-
dependent and SR-B-I-mediated cholesterol efflux and thus, 
reduces reverse cholesterol transport (RCT) (16).

In this context, the study of Koo et al. (1) continues 
demonstrating an important relationship between NAFLD 
and atherosclerosis. One of the strengths of this study is 
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Figure 1 Potential mechanism involved in the development of atherosclerosis. Atherosclerosis is a systemic disease that may involve 
multiple vessels, according to the stage of fibrosis and inflammation in the liver, there is a greater degree of progression of atherosclerosis. 
The transcriptional factor NF-κβ is the main responsible for generating proinflammatory cytokines, procoagulant and oxidative agents such 
as IL-6, CPR, TNF-α, PAI-1, ROS and the NLRP3 inflammasome that favors local recruitment of monocytes and, in smaller numbers, T 
lymphocytes into the endothelium in conjunction with oxLDL. In the intima, monocytes differentiate into macrophages and internalize 
oxLDL through scavenger receptors boosted by microRNA-155, subsequently transforming into foam cells. In turn, FGF are produced 
inducing smooth muscle proliferation forming a fibrous layer in the media layer. On the other hand, T lymphocytes arrive intima producing 
mediators such as IFNγ, which affects the ability of smooth muscle cells to produce interstitial collagen, causing instability in the layer. 
Furthermore, different pro-inflammatory cytokines inhibit the expression of different cholesterol transporters, mainly ABCA1 in foam 
cells by decreasing their cholesterol flow like microRNA-33 a/b and AGEs. NF-κβ, nuclear factor-κβ; IL-6, interleukin-6; CRP, C-reactive 
protein; TNF-α, tumor necrosis factor alpha; PAI-1, Plasminogen activator inhibitor-1;  ROS, Reactive Oxygen Species; NLRP3, NOD-
like receptor family, pyrin domain containing 3; oxLDL, oxidized low density lipoprotein; FGF, fibroblast growth factor; IFNγ, interferon 
gamma; ABCA1, ATP-binding cassette transporter A1; AGEs, advanced glycation end products; MMP, metalloproteinase; LXR, liver X 
receptor.
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that investigators based on calcifications in eight arterial 
beds. Also, the heterogeneous association between 
NAFLD and systemic atherosclerosis found in this study 
has not previously been reported. Conversely, the main 
shortcoming that was pointed out in this work was its failure 
of demonstrating an independent association between 
NAFLD and coronary artery calcification (CAC), however 
they mentioned something extremely important, their 
population was mainly non-Hispanic white. Studies that 
have shown an association between NAFLD and CAC have 
been in the African-American and Asian population (17,18). 

In a meta-analysis carried out where studies from Asia and 
North America were included, this independent relationship 
persisted (19), thus racial component might be a predictor 
in the development of calcification in a specific vascular bed. 
The other weakness of the study that should be mention is 
the method they used to diagnose NAFLD, having used CT 
evaluation many cases of mild hepatic steatosis may have 
been underdiagnosed and therefore affect the final results. 
It would also have been interesting to see if more advanced 
degrees of inflammation and liver fibrosis were related to 
greater calcification in different vascular beds.
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In conclusion, NAFLD is closely related to CVD 
through different metabolic and immune mechanisms 
that underlie the disease. However, more clinical and 
experimental studies are required to explain this relationship 
between NAFLD and CVD in more detail. 
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